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ABSTRACT - . . 

Eight experiments using as Ss either retarded 
children, normal children, or normal adults, studied the relations of 
retardation and normal .developmeni^ to the perceptual process of 
identxfi cation. Two experiments were reported on the identification 
pf stimuli varying in either one,1 two, or three dimensions. 
Retardates did not perform as well as normals of equal chronological 
or mental age. Multidimensionally varying stimuli were easier to * 
identify than thqse varying undimensionally . In three experiments 

- efficiency in identification and, discrimination tasks was evaluated. 
The effects of dimensional combination and stimulus distinctiveness 
were similar both in normal adults andv retarded children. Success was 
reported in increasing the effidie/icy of retardate performance hy. ^ 

'first presenting a less demanding /memory task (discrimination) and^ 
moving to a more demanding task (,matchfto>sainple identification) . 

'Three experiments evaluated, short term j memory codingc Memory effects 
were found in all studies^^dn whi'^h delay„ between stimulus 
presentation and response w^ ya^^ied. Explicit coding was not found, 
to, be effective at very shor^ pr^entation times when the code was/ in 
octal form. The coding invpa^ved in remembering word-like material as 
oppiosed to non-word-lik^'-^fnaterial Was effective at even ten i ' 

milliseconds presentation time. ThV ..rapid coding appeared ,to be under 
the subject's conscious control, (Author/DB) ■ /■ r^^" 
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SUMMARY 



^ *The research described in this report centers about the perceptual 

process of identification and its relation to retardation and normal 

> ' _ J 

development. Eight experiments are reported using as subjects either . 

retarded children, normal children or normal adults. The capacity to 
s identify stimuli vhich vary in either one, two or three dimensions was 
examined, for retardates and their equal mental age and chronological 
age normal controls. Retardates do not perform as well as eithet 
normal con urol \group, '-demonstrating both an IQ and an MA correlate of 
the identif it:ation process. A developmental factor was uncovered as 
well in that normal sixth graders outperform normal first graders. 

The primary identification procedure employed was /a delayed match- 
to- samp le J:ask. This technique minimized verbal responding while still 
permitting investigation of the determinants of the stimulis distinc- 
tiveness which forms, the basis for identification. However, the match- 
to-sample task dpeis differ from the conventional identification or 
absolute judgment task in ways other than the presence or absence of 

verbal response. Tlie differences among types of identification and 

/ '■ . •■ . ■ ■ . , . , _ . , 

the discriminative paradigm Were also investigated. The effects jpf 
dimensional combination and stimulus distinctiveness .were similar among 
the various procedures both in normal adults and retarded children. 
Differences among the types of judgment appeared.vto center upon the 
memory demands of each task. Indeed, great succens in increasing the 

■■■■■ ■ .... ./.---^'^ ■ ■ . ■ V^.-: , 

efficiency of reliardate performance was obtained by first presentJirVg; ^!!; 
a leas memory-demanding task (discrimination) and aubsequently moving ' 
td a siightly|^mor^demandin^ (match- to- samp^le identification) . 
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Th^'-eftects of dimensional combination were studied in several 
experiments. It was repeatedly demonstrated that multidimensionally 
varying stimuli were easier to identify than those varying unidi- 
densidnally. In most studies multidimensional stimuli were varied in 
a correlated or redundant fashion, however one study convincingly 
demonstrated that dimensions combined in an independent or non- 
redundant fashion were not only asi distinctive but even more .distinc- 
tive than redundant combination, . 
^ Memory effects were found" in all of the studies in which delay 
between stimulus presentation and response was varied. Some evidence 
that these effects were greater for retardates than for normals was 
uncovered in one study but this was not^ the .case in a second. Memory 
effects were further studledT with normal adults with the emphasis upon 
the effects of/coding in short term memory. Explicit coding was n6t 
found to be effective at very short presentation times when the code 
\wa6 in octal form. However, the coding involved in remembering* 
word- like material as opposed to non-word .like material was extremely 
effective at even ten milliseconds presentation timCo \ Moreover, this 
coding was to some^^extent, at least, under the subject's control as 
demonstrated by the effectiveness of instructions to either use or 
ignore the word corieo 



GENERAL INTRODUCTION 

Although there is general agreement that the retarded child 
exhibits behavioral deficiencies of many kinds, the precise nature of 
these deficiencies has' not yet emerged from the considerable body of 

research on retardation. Indeed, available evidence does not support 

„■■•■.'.■■ ■ \ 

qualitative retardate-nonaal differences in such basic functions as 

discrimination (Zeaman and House, 1963), short term memory (Belmont 

and BUtterfield; Scott and Sco^tt, 1968), long term memory (Belmont^ 



1966) and sensory a 
Of the basic p 



cuity (Kodman, 1963). . 

sychologicaL processes, those vhich have been 



conventionally labeled perceptual have received relatively little 
. experimental attention from researchers in the area of retardation 

(Spivack, 1963), although a few studies in the area of retardate 
^.information processing have recently become available (Olsen, 1971; 
Spitz, 1966; Spitz and Borland, 1971). 

• Our basic approach is to view the retardate as an information 
processing" system (Miller, 1956; Fitts and'-^o^er, 1967) and to examine 
hi6 channel capacities as compared to both MA and CA normal controls^ 
Both GA aiid.MA controls are included because not orilv \s information 
concerning retardate perceptual capacity scarce, but developmental 
changes in such capacities remain unknown • 

To attack all problems that might fal\ under the heading of "per- 
ceptual capacity'' and "pexceptual process*^ would be unwieldly and 
impractical. As is the case in any research strategy, a judiciou^ 
selection of problems must te made, we have chosen the recognition 



or identification. process as a focal point of our project. In the 
most general tarms we have sought to uncover the developmental and 
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intellectual correlates of the perceptual mechanisms which ie^d to 
^y' ' ; ■ ■ ■ ' " • ■ 

— —stimulus distinctiveness. By distinctiveness we refer to those stimulus 

characteristics which determine the ability to identify or recognize a 

given object. The reasons for choosiing identification are compelling 

to us: 1) it is unquestionably a very fundamental perceptual process 

(Miller, i956), 2) there is considerable evidence about capacity at 

the human adult level (Attneave, 1959), 3) there is "great regularity , 
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in. the capacity 



findings -(Miller,^ 1956), 4) it is possible to study 



recognition while minimizing verbal responding, thus making retardkte- 

" ' . ■ \ ; V ^ ; . ■ . 

normal comparisons more meaningful, 

\ ' ■ \ . ■ . 

It is commonplace that the human can identify quickly and accurately 
\ ■ ' ■ ■ , i ^ ■ ■ ^ . 

a vast number of stimuli in many sense modalities. The remarkable 

thing about this caipability is that it is achieved despite the funda- 

mental limitation on human identification capacity pointed out by 

.Miller in his article, "Magical Number Seven" (1956). The limitation, 

since verified many times, is that the number of stimuli differing 

along a single perceptual dimension which lean be identified without 

^ ^ ' ' ' ' : ^ \ ^--^ " - i ' .,■ ■■ . . ■ 

error is about seven, or from five to nine. In slightly different 

terms, the channel capacity for uni-dimensionally varying stimuli is 

somewhat under three bitsr It follows evidently that the efficiency 

of the human information transmission system, in the sense of high 

channel capacity, -is determined by the extent to which stimuli vary 



along many dimensions simultaneously* Not. so obvious are the rules— 
of dimensional combination; wi^at are the characteristics of component 
dimen^iiions in multi-dimensional^ stimulus sets which make for distinctive 
elements; are some subsets of the total number of combinations better 



than others? These important questions of percisption have been given 
hardly any experimental consideration* 
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Within the framework of the identificatron process in retarded 
and normal subjects we address ourselves to the following questions: 
!• >/hat are the identification capacities for uni-dimensional 
Stimuli? / ^ 

.2. How do these capacities change when dimensions are combined? - 
! 3. Are there any systematic changes in^capacity as a function 

of the way the dimensions are combined? 
; 4, .-How is identification capacity affected when dimensional' / 

information must be stored for varying periods before thej 

response is made? I ^. 

This final question is, of course, a'matter of memory, Howeve:, we 
feel that the separation of perception and memory is at best an 
^arbitriary one.' Perceptual responses are. measured by recording t.he 
subject's overt response. A small but iinite time period exists 
.between the presentation of the stimulus to be perceived and the response 
indicating perceptionc That this time period may be considered within 
the context of memory has. been recognized with increasing frequency in 
recent years (Kintsch, 1970; Lindsay and NormanX^972) , 

The^jmost direct way to study ideati.f ication capacity is by in- 
creasing the number of stimuli to be identified until errors begin to 
occur. Th3 changes in identification become extremely interesting when 
viewed in terms of the information transmission characteristics of the 
subject. As the stimulus pool is s increased in size (increased stimulus 
information) the subject transmits information (identifies) perfectly 
up to a certain paint. At that point he continues to transmit the 
same amount of information or less^ even though the stimulus information 
(siL J of the pool) may increase. This aeyrapt.o tic value of transmitted 
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•information is referred to chamiel capacity. The invariarice of 
identification acroR- -^s which Miller pointed out becomes ' 

even clearer wh ths of channel capacity. We know that > 

chamnel capacity v ^ a function of whether the. atimuii to be 

identUied vary uiiidimerisionaily or bidimensionally (Eriksen and Hake, 
1955)^, and as a function of the manner in which dimensions are combined 
in multi^dijneri'sionally varying stim^ Le>7y, I97I). We 

know li|:tle about the relation of channel capacity to subject differences 

the eKperiments included in this report represent an attem{xt>td^ 
shed light upon the basic perceptual process of retarded and normal 

children. The purpose of the project is riot only the furthering of /' 

^ \ " . /' > 

our knowledge about retardation but also a clearer specification and /' 

understanding of perceptual responding ^per se. Therefore,'" experimental 1 

^ ' ' . , . ^ . 

subjects inclyded, college students as well as ret^arded and normal/ 
,cW14renj ;.and in one 'e>p eriment members of \the faculty 'and ^gradtiate v 



\ 

Students were used. . 

...... ■ ^ 



Eight experiments were conducted during\^ the project period, and 
^je discussed in three sections: I. Identification of uni- and multi- 
dlmensionally varying stimuli; II— Comparisons of identification and 
discrimination^^ and III. Coding in short-term memory. ; 



!• Identification of uni- and multi-dimensiobally varying stimuli 

The two studies in^^hiJSxsection 'deal with the identification 
capacities of retarded children and tl^ mental age and chrono- 

logical age controlis^ for stimuli varyiLng along^one,.^^^ or three 
physical dimensions. \ Both normal MA and^CA controls^ 
experiments to provide Information not only about the InteLl^sctuQl (MA 



and 19) correlates of. identificationV but also about possible develop- 
mental differences. The latter information is obtained through 
comparison between ^the normal control groups which differ only in 
chifono logical age • '\ 

In addition to questions about identification capacity, both 
Studies ' include mahipulat ions designed to look at the role, of memory 
in identification. These manipulations involve/ instituting varying 
delays between-the'-pr the stimulus to be! identified and 

the ov^rt response made by the cl^ild* As was "the case with identifi- 
caticm capacity, memoiry^^^e are also examined in light of possible 

intetieictual a^ differences • ^ 

' II. \ Comparisons of identification arid Discrimination^ 

■ . '■ "'^^ ' ' ■■ -^r '• * : ./T" * ' ' : ■■■ ^. ' ; ■ ' - ■ • . • . . 

The cornfentibnalj identification situation requires the subject to 



provide a distinctive: verbal label for aj particular stimulus presented 
to him. Because retardates often exhibitv problems vith. verbal tasks, 
w.e sought^^ t^ provide k situation in which identification could be 
measured and verbal resp^ identification experiments 

reported in section I made use of a .technique customarily called delayed 
matchVto^sample or recognition. . The stimulus to be identified was 
presented tp the subject ariS: ^^^^ removed. Instead of being required 
to provide a verbal label , the/ child was show^ a matrix or display of 
all the posiiibl^ experimental stimuli in one to be identified 

on^that trial ail^ was asked tb points to the one he had just seen/ We 
felt that our pro^4;^J^^e and the cori^ identification procedure 

were similar in the fmtdamental sense' that the basis for response is 
provided by* the distinctiveness of the original stimulus • The fact that 



a verbal label was not necessaigr in our procedure made it much niore 
attractive for use with our retarded subjects and younger normal 

controls* j. 

f '..]'■.'■ •" ■ * ' . 

Despite our feelings that the miitch- to-sample procedure and . 
conventir ^notification provide similar information about stimulus 

distinct ^ we did recognize that differences other than the 

presence or absence ofv a verbal response may exist. These differences 
revolve around the demands made upon the memory systems of the sutjecta 
In conventional identification thie sub jv^ct v^' o has seen a pareicular 
object iri the past , has stored information about it and similar objects 
in what has now :become to be known as Jong- term [m^ (KintAqhT, -1970) . 
When he is presented the 8t^ulus_for identif ic£^^^ he must recover or 



retrieve that Infoirmation (which includes a yerb^^ label) to make the 
correct" response. In the match to sample procedure the information 
provided by mraiory in the identification situatipn is provided by thW 
experimenter. A matrix including the stimulus to be identified and 
similar stimuli is presented to the subject and he selects from these. 
In this fcase the matrix might be considered a memory ai^ v The extent 
to which the ma^ix does aid memory was investigated in the first 
expetiment reported in section II. 

Further consideriat ion of the relation of irleniory to the match to : 
sample and identification situation led to. the isecond e2j:pe^^ 
section II. Ccnsideratioh of the memory demands of the two paradigps, 
led us to the^ following line of reasoning: in the identification task 
the subject looks at a atlmulus and must compare it with his memories 
ofpast similar stimuli before making,aresponse"r 

to sample taflky the subject looks at a stimulus which is then ronoved 



.and he must compare the memory of that slnfi;le recently seen; stimulus 
with the display which offers him as it were a pre-fabricated memory 
store for comparison^ In the first case a single visible stimulus 
must be compared tp a large memory stored while in the second, a single 
unit in recent memory must be compared to a large, but ;visible display, \ 

3e for match to sampla~ should not be too sux^risihg. Further 
consideration of the relative Wmory demands of .the /two procedures led 
us to the cohclusiorf^ that the situation in which al46 no memory ' 
^^^'^.^^ placed upon the subject shouldfjpTO^ the best perfo^nce. 

S situation would require the simultaneous presentation of th<> fofl^ 
©tlmulus with the di isp lay wHich include B^ that same stimulus' along with 
those siMilar objects which poolof experimental stimuli. 

Here the subjett need only compare the visibly present, test- stimulus 
with the visibly present display stimuli. We ^c this situation„a 
; discrimination situation. The bulk of discrimination literature with 
retarded children includes study of two choice discrimination learning 
(House and Zeaman, 1963i Shepp & Turesi, 1968; Zeaman & House, 1963) 7 
In thes^ studies tfhe major emphasis has been upon the meclianism which 
permits the child to di as 

^designated by the eKperim^ The perceptual problem jof the discrim- 

Mnatiye dist^ 

to make^ the two choices aBjjiietincti^^^ passible. In/ our discriminative 
situatibn the focus of attention is on the perceptual /distinctiveness 
of tUe test' stimulus whiph must be isolated from its /comparison stimuli 
in the display. ^ , ^ 

The second ekperdment of section II compared discrimination identi- 
fication, and delayed^ with a fourtli condition which 
O logically followed from' bur treaitment of the first three paradi^s in 



terns of memory: This fourth- condition involved presentatiori oi the 
c Lsplay matrix before , each trial, that, is the matrix W presented, 

™ed. and then the test stimulus presented and a verbal identification 
response requested. Here the subject was required to do precisely 
what he had to do in the identification situation but hisf memory was 
?'refreshed"bef bra each trial by presentation. of all the |xperimental 

"stimuli. "■• . " ' y- 7 ■■ . 

' The third experiment of section II represents an attempt to tie 
? together many of the findings of the experiments which preced^^^^^^^ 
m the early experiments of section II thej:omparison8 of identification 
and diflcrkkination were made with college students as subjects. In this 
experiment the cbmparison is made wL th retarded children. In the 
identification 'experiments of seqtzipn I retardatesiproved not only 
-JLesa proficient than did normal childrerv but demonstrated the^ unex^e^ 

^chatacteristibs of depressed performance at even the sd^ levels 
:of the task. These findings were vmexpected ixi^^ight of our consideration 
of dentification in^ terms of the information transmitting capacity of 
the subject. It was expected that retardates would transmit small^^ 
: amounts of information perfectly but reach channel capacity at a points 
earlier than did normals. Channel capacity is ah asymptotic level of 
information transmission above which no- further information is trans- 
mitted despite increases in the stlintilus . inforr?iation or task demands, 
our retarded subjects in the exper^ents of section I did not show signs 
of reaching early asymptote buyinstea^ performed generally poorly at 
all levels of stimulus inform^ion. ^ We therefore attempted to maximize. 
. the information trknsmission of our retardates with a fehaping procedure 
in the. third experlmcnt/of section II. ^ We always preceded our 
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identification task with the same stimuli in the less demanding _ 
discrimination task to find if possibLe the function which would reveal 
a channel capacity level for the stimulus dimensions under study. 
; • A third line of investigation in^.the experiment dealt with, the 
types of diinensional combination: for multidimensional stimuli. In 
all the experiments of section I and 11 ideritificatiou of stimuli 
varying either unidimerisionally or multidlmensionallyN were studied. 
In all the studies save the one un^je^?--(5o^ the multidimehsional 



stimuli were cons tri^ot^cfd in only one way, in a perfectly correlated one 

If for example, there were nine points along each of 
two dimensions, point one of dimension A would be paired with point 
one of, dimension B, point two of A with point two of B and so on. 
^wever, it is 'clear that i^entificati^^^^^ dif f erentialiy 

affected by set of. stimuli consisting of ttie same two varying dimensions 
/combined in an un correlated or differently^ correlated fashion. There- 
fore In addition to the identification, discrimination comparison and 
the attempt to maximize; identification, the experiment included a 
comparison of three /types of multidimensional combination. 

Section III -/Coding in Short Term Memory 

' ^ . - / 

' The effects of memdry upon fhe perceptiial process of identification 
were« investigated in the experiments of section I and II. • Indeed, it 
was our feeling that a" crucial difference among the three types of 
identification paradigms, and the discrimination paradigpi lay in the 
demands made upon the subject's memory. One type of memory system 
which stores information for a time period ranging from approximately 
one second to one minute has been called short term memory (Kin tsch. 



19|0; Lindsay & Norman, 1972;. Norman,, 1970). It was elear to us that 
. the;;^short term memory system played an important roU; in the type of 
info^ation transmission we considered in the first fi-ie experiments 
weTe|prted. The three experiments in section III deal 



more specif i-. 



cally vith ^^hort term memory, particularly with questlc^ns concertiinp 
of coding or transforming stimulus informat^iou upon short 



the-ef fiects 

term merfiory capacity* / 

.\ Miller (1956) pointed out that while the capacity of s^ort term 
memory wa| limited, this limitation was on the number of itemk^hich ■ 
would be r^etained not upon the amount of infomayion. Fo?:texample, if 
a subject-were rapidly presented a series of bii/ary digits , he would 
accurately retaih approximately seven of them. / If howeVer, the' subject 

were taught technique of arranging these digits-- into gro^^ or - 

■ '■'!^'- ^ ■': '■•■l^'^-" '. 

"chunks" andjhe were given enough time he could retain" about seven 

. chunk's and h^nce many more digits. Two aspects of Miller ' s discussion 

were of interest to us: firstly that "chunk/ing" or coding Improves 

short term memop, at least in terms of increased information capacity, 

and secondly thai: this coding process is time consuming. That fact that 

coding takes timd has received exp^rimenta/l support elsewhere (Klineberg 

& Kaufman, 1972),'^but we wished to. iopk ftirther into the matter. In 

the first experiment of section III ^e presented, subjects with strings 

of the letters S anti Z at various presentation times and asked for ' 

' ^ ' ' • 1 ' 

recall. The subjects were then taught to group these letters in an ' 

octal code and similiar strings were presentedx for recall. Our fealiha 
was that . at brief presentation times no ; superiority for the code per- 
formance would exist ^because not enough time wais available to do the 
work of coding, but dit longer presentation times we ip^ 
effects bf .codlng;: r ' , / ^ 



The 8ec9nd experiment of section III dealt with a seemingly 
paradoxical state^oiE affairs arising from the conclusion that coding 
in short term memory required tine. Since the early experimentation 
of' Wundt it has been known that words are more easily recogr-lzeH han 
non-words even at very brief expubu^e times* iiut a word differs from 
a non-word of equal number of letters only because it is organized or 
chunked in one unit. Clearly this kind of coding does not appear to 
take much time. Recopiitibn studies differ from the kind of short 
term memory sti^y which Miller discussed in that the latter seeks to 
tap capacity of the memory systen rather than just pointing to a 
difference between two types of material each containing a small 
number of un*£s. To combine the two types of experiknents^ we presented 
subjects with Varying combinations o£ groups of word-like an4; non- 
word- like stlmuLl at different exposure times and asked them to 
. recall as many fettersNas possible. If word coding was operating to ^ 
increase capacity even when litt:le time was available for coding, our 
proceduriB should &ave; r-eveal'ed rt. ^ 

The third experin^nt of section HI followed directly from the 
first two . Here we extended ithe range of presentation times to get 
a fuller picture of relation of coding to time available for V 
processing the stimuli and furtaie;r, ^looked at the, case with whiclr 1 
woxd coding could be imnipu^^ well ds how - ^' 

< dependent was capactitrsr lipon the type of resffonse^hich the isubjectz ^ 
■yms required to produvre. 
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Expel" imenL !<• „ ■ 

Identification by retarded and normal children of stimuli 

varying unidimensionally and bidimensionally 

in the history of perceptual investigations thos6 questions, 
dealing with the discriininative capacities of organisms have long 

held an honored position. Dating from Weber' 8 and Fechner' s work in ^ 
the nineteenth century, data cbncernirvg difference thresholds have; j , 
been collected in laboratories all over the world. In contrast to^ j 
. discriniination, an equally fundamental perceptual process, that of / 
identification, his received a great deal of experimental, attention 
only in relatively recent history. Attention was focused on ti^e ^ 
identifi^^ion process by Mller' s^ inf luential "The magical 

number seven, plus or minus two'^ C^ 

fraction' may vary considerably acrosa a group of selected physical 
Jdimensionsr MiUer pointedj out that the number of identif Icati^s 
possible within iaclv^of these dimensions was fairly invariant.' This , 
invariance has beera demonstrated for many dimensions , in manyVstudies 

(Fitts & Posner, 1967). ^ 

The experiment to be described was designed to discoy^er whether 
identification capacity varies with the intellectuaj^and/cir developmental 
level of the subject. The question seems a reasonable one to ask. . 
. expecialiy with respect to possible differences between/ retarded and 
notmal children. Identification is ft process which has not been 
carefully: studied in either retarded or normal children, while other.; 
. basic processes have received considerably more attention, for example: 
discrimination learning (Zeaman & Hoube, 1963), short term memory ; 
(Belmont Butterfield, 1969 i Scott & Scott, 1968), long term memory 



(Belmont, 1966), and sensory acuity (Kodman, 1963). 

Identification capacity is studied by increasing the-ntmiber of 
stimuli to be identified^ until errors begin to occur* The changes in 
identification become extremely interesting when viewed in terms of 
the information transmission characteristics of the subject • As the 
stimulus pool is increased in size (increased stimulus information) \ 
the subject transmits information (identifies) perfectly up to a 
certain point. At that point he continues to transmit the same amount 
of information or less even though the stimulus Information (size of 
the pool) may increase. This as3miptotic value of transmitted information 
Is referred to as channel capacity. The in varianc e of identification ; 
across dimensions which Miller pointed butMUecomes even clearer when 
viewed in terms of channel capacity. : We know that channel capacity ' 
varies as a function of whether the st imul4| to ^e ideritif^^ vary 

'Unidimehsionally or bidimensionaliy (Erikseri & Hake, 1955), and as 
a function of -the manner in which dimensions are combined in multi- 
dimensionally varying stimuli (Kaufman & Levy y 1971) . We know little 
about the relation of channel capacity to subject differences, 

-Recent ly, 01 son^ ) , has suggeGted tha t channel capacity may be 
related to mental |age« Ovr study, examines channer^^c^ 
in identif itiiation in retarded childrien and their normal menjtal^age 
equivalents in first grade as well as their normal chronological age 
eqxiivalents in sixth grade./ _ y 

>*^^The cbhventional^ identif4;.cat situation requires the subject 
to provide a previously acquired verbal label to the stimulus presented. 
For example: "This is a green square," or "That is number fivie," - The 
identification procedure we use has been conventionally described as 



jielayed match-to-sample-or. recognition. ? We present' the stimulus object, 
remove it, arid then offer the entire pool of objects for that experimental 
condition, enabling the subject to point to the one he just saw. We feel 
thdt our [procedure and the conventional identifi cation procedure are 
similar in the fundamental sense that the distinctiveness of the original 
stimulus provides the basis for response. One important difference 
between the two procedures lies in the necessity for having a well learned 
verbal lable for the stimulus in the conventional identification s'ituation. 
In dealing with young children and retardates in particular, verbal responses 
may pose a problem. The absence of or difficulty with verbal labels d6es:__ 
not necessarily mean that the , child cannot recognize the unique charac- 
teristics of the stimulus* The use of bur procedure is further justified 
by the fact that it produces regular data when used with such non-verbal 
subjects as monkeys (Kaufman & Wilson, 1970) , ' 

In , addition; to the intellectual arid developmental level of the subjects, 
the independent variables of this study include stimulus information load 
(size of the stimulus pool to be identifie4), number and types of dimensions 
along which the St imuiy vary, Ta:nd the delay between removal of the stimulus 
to be identified and t/he production of the pointing response. The informa- 
tion ^oad variable p^rov to possible channel capacity differences 



among our subject groups^ the number of diitierisions variable tells us about 
possible differential effects of redundancy, and the di&lay variable may 
point to normal^etardate memory differs 

/X'' .■'method,,..,-. " / .'^ ''^s^^^- 

'Subjects'/. , 

Six retarded children, six normal first graders and six normal sixth 
graders served as subjects. The retardates , five male and one female. 
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were residents of the Mansfield State Training School, Mansfield, Connec- 
ticut. There were mixed diagnos tically\ including three familial, two 
mongoloid and one brain damaged child. None of the children exhibited 
gross sensory or motor impairment, all attended public school classes 
at the training school and all had previously served as subjects In dis- 
crimination learning experiments. Their mental ages ranged from 56 to 
75 months (mean » 62) while their CA ranged from lAO to 164 months (mean 
" 1A5). The normals, three toys and three girls at each grade level 
were selected by their teachers as "average" student^N^ in the Hall Memorial 
and Willing ton Center public schools, Willington, Connecticut. The-CA 
range for the first graders was 73 to 83 months with ii^ rnean-^'1^6, with ' 
a CA range for six graders of .142 to 150 and a mean of 147 months. 



Since MA levels, for the normals were not available, the selection of 
"average?' students was requested of the teachers. Average was defined as^ 
viieither above not below grade level; but doing reasonable work in the 
opinion of the home room teachers. . 

The discrepancy inVsex distribution between the normals and retardates; 
resulted from the feeli.n;g that any_ passible sex' effect ^^^^^ 

-in comparison to CA and MA effects* This retardaties were therefore chosen 
to reflect the best possible matches on the latter two variables and sex 
balance was sacrificed to this end. . 

Materials V..':- 

The stimuli to be identified were squares which varied in size or 
brightness or both size and brightness in different conditions^ Size 
variations were from 2/8 inch to 11/8 inch increments. Ten shades of 
grey selected from a set of 16 Color Aid greys represented the degrees ' 
d£ brightness variations* TWo sets of the 100 possible combinations of 



slzQ and brlghtnQSs wero conBtiiicted by cen^drlng each fiquard on a 2-1/4 
inch white display <:ard and spraying with a clear plastic preservative 
coating. One of the^two sets of cards served as stimuli while the others 
were mounted by hinges on a response matrix board. 

.J*^® ^^^^P^^^^ matrix board contained Or/A deep circular depressions 

one inch, in diameteri arranged in a ten by ten matrix. Each depression 
could be covered by a hinged disptayCard. The board was mounted almost 
perpendicular! (at an angle of approximately 85 degrees) on a turntable, 
to permit eas5r access for both the experimenter and the subject. 

Procedure ..\ 

On each trjJLal the experimenter a stimulus display card up to 

the subject for approximately two seconds with instructions to look- at 
it carefj^lly. The card was then removed and after the appropriate delay 
^^^^^.^^^ response matrix was turned toward the subject with instructions 

to. point to the card he had just seen. The pool of 'cards for that partic- 
ular condition were arranged in natural order on the board (smallest to 
largest, darkest to lightest) > with the empty depressions covered by a 
. white -cardboard mask, . ) ' > ' ' ' 

The; expefimenter provided knowledge of results with a verbal "good" 
t>r "no/^ In addition, retarded, subjects were permitted to lift the display 
card on i the response board aiid found "M6cM" candy in the well when correct. 

Experimental Design - ' 

p'ne between group variable (retarded, first or sixtH graders) and 
thre^ wijthin group variables (dimensionality, -number of alternative, and / 
delay) made up the overall experimental design. The levels of the 
dimensionality variable were unidimensional (size or brightness) 



and bidlmeneional (size and brightness combined in a perfectly correlated 
fashion).* The number of alternatives variable had" levels of 2, 4 or 6 
for unldimensional Qtimuli and 6 or 8 for bidimensional stimuli. Since 
better- performance was expected in the bidimensional case we felt that . 
the smaller number of alternatives would not be necessary in the bidimen- 
sional case but that a larger number of alternatives might be required 
to test bidimensional capacity. The delay between the presentation of 
the stimulus for identification and the response matrix was set at 0, 
10 or 20' seconds i 

All subjects were run on all combinations of the three variables v 
with eight daily sessions of 90 trials each requiredXof each child. A 
dail]^ session was divided into the 3, blocks of 30 trials each. Within 
. each block the delay levels and particular stimuli^:chosen for ^i 
were varied randomly wi th the restriction that . each value appeared an 7 
equal number of times. The unidimensional conditions, were presented on " 
the first six days with two days each of two, four and six alternatives 
in that order. The bidimensional conditions were presented on the last 
two days with the six alternative ones preceding the eight.' The size 
iand brightness dimensions were- completely counterbalanced across the 
unidimensidnal sessions. If a child performed at the 90% correct' level 
in any block of 30 trials the daily session was terminated after that 
block-;'; . ■ /" " 

Specif ic values for a given set of stitnuli were, chosen from the 
complete pool of 100 stimuli to maximizeo the sepiarationfi ^ a^ 
and as was previously stated wore randomly assigned to a given trial in 
-.:-a^daily' session.'/ J-', [r: " - ^ ' 

The response measure used was amount of infonnatlon tranmitted_(^^^ 
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in each experimental condition. Transmitted information is calculated 
from a stlmulusTresponse matrix. The number of responses made to a given 
stimulus is recorded in each cell with the column totals providing the 
frequency with which each stimulus was presented and the row totals the 
frequency with Jwhich each response was made. Information transmitted is 
given by .the sum of the stimulus information and the response information 
minus the cell information. The transmitted information indicates the - 
degree of overlap of stimulus and response information. When the number 
of response q^tegorles is the same as the number of stimulus categories 
and the subject is xe'spondlng on a purely random basis, T « 0. \tf the 
subject is performing perfectly stimulus and response informat^-on will be 
equal arid T will equal the stimulus information. / 

' RESULTS 
Beciause the amounts of stimulus information (number of alternatives) 
differed in the unidimensional and bidimensional coj^ditions (2, 4 and 6 
alternatives for size or brightness, 6 and 8 alternatives for size and 
brightness combined), three variance analyses were performed. The first 
included unidimensional data only , the second bidimensional data only, 
and the third compare^ unidimensional and bidlmdnsional performance at 
the point of maximum stimulus Information (6 alternatives for the urii- 
dimensional ca1si.e and 8 for the bidimensional) " / 

'•■ ■ - " ^ • ■ ■ . ■ • ' . • " ■ ■ . ' ■' ' ■ " , 

Sex / ' ' ' ^ ■ ^ " " :^ > 

. The perf ormiancd of males and females was veiry similar in all phases 
of experimentation. The overkll Fs for sex in first and sixth graders 
were not significant and there were no indications of any ihteractions. 



stimulus information 

The effects upon the three subject populations of Increasing stimulus 
information and type and number of dimensions available for identification 
are presented in Fig» 1. The figure illustrates tlle-v^pected increase 
in transmitted information wffth Increasing stimulus information, an 
Increase ptatistically substi^ atiated by the two api^ropriate variance 
analyses. The main effect for number of alternatives in the unidlmeasipnal 
analysis was reliable (F« 16.01, df « 1,255, p< .001) as was the case ^ 
in the bidimensional analysis (P » 17.08, df « 1,75, p < .001). Mbre 
interesting were the significant differences in information transmitted 
between the retardates on the one hand and the first and sixth graders on 
the other (Unidimensional P » 67.47, df = 1,15, p< .001; bidimensional 
F = 37.1, df = 1,15, p < .001) . . V 

Although it is clear from Fig. 1 that the retardates were transmitting 
some information at each stimulus information load,, the gain in information 
transmitted with increasing loads is clearly much smaller than the gain 
for normals. A test of the gain for retardates along however, cloes produce 
an F of 6.76 with df « 1,25 and p < .05. The discrepancy between the gain 
for retardates on the one hand and normals on the other is emphasized by 
a significant interaction of intellectual level and number of alternatives 
(F« 7.04, df« 1,255, p<«01) in the uhl^ 

While the intellectual parameter clearly affected the amount "of 
information transmitted, the effects of the developmental parameter were 
-W>t so eyident. Although sixth graders always performed at a somewhat 
higher level than first graders, the difference reached statistical 
significance only in the ainalyses comparing uni- and bidimensional ? \ 
condltlbhs at the point oif maximum stimulus information (F * 5.52, df ■ v 



Figure 1 

Informatiou transmitted by the three experimental 
groups as a function of the amount of 
stimulus information (number of alternatives) 
and type of stimulus variation. t_..A^^.^j^ 
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Dimensionality 

Figure 1 illustrates the fact that performance was superior fpr all 
groups when two dimensions were available for Identification than when 
only one dlxcension was available* This fact was statistically substan* 
tiated in the uni- and bidimensional analysis (F « 228,9, df « 1,120, 
p < •POI);, ^This analysis also revealed the effects of the intellectual 
parameter, with normals outperforming retardates (F = 44«66, df « 1,15, 
p < •001) overall. In this analysis again an interaction involving 
intellectual level was found* The interaction was between the normal- 
retardate comparison on the one hand and dimensionality on the other (F ■» 
^•10, df = 1,120, p < .03). In the unidimensional analysis increasing 
stimulus information load (greater demand upon the subject) produced, 
increasing? retardate-normal differences o In this analysis, the two-^ 
dimensional case (a lesser demand upon the subject) produced a smaller 
retardate-normal difference than did the one-dimensional case* However, 
it should be pointed out that the closeness of the two normal groups to 
the informational ceiling in the bidimensional condition make the smaller 
difference difficult to interpret. 

Another type of dimensionality effect Is Illustrated by the uni- 
dimensional analysis* Size proved to be an easier dimension than did 
brightness (F « 2.47, df - 1,255, .p < .05) for all groups. . 

.Delay-. •:_ \----: " 

; Figure 2 illustrates the delay effects for the 6 alternative uni- 
dlmienslonal conditions and the 6 and 8 altervatlve bidlmensiot^l* condi- 
tlons. The effects of delay between stimulus presentation and response 
matrix presentation seen in the, figure was found' with smaller infomation^ 
loads as well (2 and 4 alternatives in the unidimensional situation) • All 



Figure 2 



Information tzransmitted (T) by the three 
experimental groups a s a function of 
delay between the stimulus and the 
response matrix and type of stimulus variation. 
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three variance analyses reveaLed reliable delay effects (Unidimensional 
F " "7.86, df « 1,255, p < .01; Bidimenslonal F » 23.58, df - 1,75, 
p < .001; maximum information load F - 26.17, df - 1,120; p < .001). 
Not only did increasing delays result in decreasing^^information trans- 
mission overall, but they did so differentially with respect to intellectual 
level. Retardate-normal differences increased as delay increased, a fact 
statistically substantiated by reliable interactions in all three variance 
analyses (Un id linen sional F « 7.04, df » 1,255, p < .01; Bidimensional 
F « 8.71, df - 1,75, p < .005; maximal information load F - 4.62,* df - 
1,120, p < .05). 

Although there is a greater effect of delay upon retardates, the . 
normal children are not immune to the effects of delay. While the delay 
functions for first and sixth graders in Fig. 2 do not show marked " 
decrease an overall test of delay for normals alone did reveal the decre- 
,3nent to be a signiiic^^ (F - 4.73, df » 2,110, p < .025). 

^ , DISCUSSION 

The data of our experiment clearly support the inference that 
intellectual „ level plays a role in the ability to transmit information in 
the identification situation as we have defined it. In all comparisons 
made, retarded children performed at a significantly lower level than 
. both-their MA and CA controls. This retardate deficit is further 
asphasized by the interactions of intellectual level with increasing 
tu.ormat ion load (number of alternatives) and with increasing delays 
between presentation of the stijnulus and"" presentation of the response 
matrix. In general, as .greater demands are put upon the subject the 
: retardate' ^ deficit < increases .'^-y^ ' : ^-/^ 



ThiB effect of a developmental parameter of Identification is not as 
clear as the intellectual parameter effect* While sixth graders consis- 
tantly perform at a level equal to or higher than first graders, the 
differences are small, and reach a level of statistical significance only 
in comparisons involving maximum stimulus /information in the uni- and: 
bi-dimensional conditions. It is possible that a developmental factor is 
operating but requires a higher information load to reveal its effect. 

A parametric study including closer exmnination of the developmental 

. ' ■ - / f ./ • ■ 

factor would appear warranted. 

Given the retardate deficit in identification, the question of the 
nature of that deficit remains. Our original conjecture was that Miller * s 
magical number in terms of channel^ capacity (Miller, 1956) might be lower 
for retardates* than for. normals. That is, with unidimensional stimulus 
sets on all (or at least many) perceptual dimensions, retardates sto 
reach asymptotic information traasmission' at a lower level than normals* 
Such capacity difference should include not only a lower retardate 
asymptote, but equal retardate-normal ability to transmit smaller amounts 
of InjEormation before asymptote is reached* Our data do not point unam- 
biguously to such a capacity difference. Figure 1 reveals a retardate/ 
deficit even when stimulus information -is only one bit. Furthermore, ks 
Stimulus information ihcreasesi retardates do transmit more information 
but still far below normal performance. It is possible that the notion| 
of a channel caipacity deficit is inapproapriate. However, our* data do \ 
nPt force rejection of a capacity difference but may point to the contrir 
bution of other factors as well. One such factor ts the context effect, | 
the. effect of preceding trials upon an identification re^sponse. ' An ^ ^ 
analysis of such context effects in the performance by monHeys of a task ^ 
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similar to cjurs, has been outlined by Kaufman and Wilson (1970). This 
analysis identifies three types of error based upon the trial inraediately 
preceding the reference trial: 

1« An R error which entails repeating the response made in the 
preceding trial when the stiinulus has been changed and the 
previous response was incorrect. This type of error may be 
...thought of as response perseveration independent of the 
stimulus. 

2. An S error, which is making the response appropriate for the 
previous trial stimulus when the previous trial response was 
incorrect. This error may be thought of as a correct;Lon of 
the preceding response. 

3. As S-R error which is making the response* which was correct for 
the preivious trial. This type of error may be thought of as 
response perseveration dependent upon the preceding stimulus. 
Errors other than the three described are considered errors of 
identification independent of context. 

The analysis of context effects in our experiment is contaminated 
by the fact that intervals between stimulus presentations were not -squal, 
since delays were randomly assigned within blocks of trials ^ However , 
mindful of the delay problem, we did analyze errors to find that the most 
common context effect was the incorrect response per6<sverdtion (R error), 
with the correct response perseveration (S-R) error made less frequently. 
Very few corrections (or S) errors were made by our subjects. However, 
more S, R and S-R lierrors were made by retardates than normals,, indicating 
greater ausceptibility to context effects, as defined by the preceding trial. 

Our study ba 8 produced what wia feel are convlh^ data pointing to 



a retardate identification deficit. It seems clear that this deficit is 
to some extent influenced by the tendency of our retarded subjects to 
be more greatly influenced by the preceding trial than normals. Whether 
the effects of preceding trials upon the retardates result from the tendency 
to revert to such strategies when faced with a difficult task or wl^ether 
they enter all tasks with such strategies is not determinable from our 
data. 

It is not clear that the form of the identification deficit may be 
described in terms of channel capacity differencese The as3m[iptotic levels 
of information transmission required for siich a description are not readily 
seen. in our data. It is possible to speculate about the mechanism under- ^ 
lying the deficit. It might be suggested that the difference between our 
retarded and n6rm^l children represents a sinple discrepancy in the ability 
to attach verbal labels to stimuli. However, our matching" task was 
chosen not only because such verbalizations were not an integral part of 
the process but because they were unnecessary ^ as evidenced "by the success 
of such nonverbal subjects as monkeys in comparable situations. The 
effects of delay upon matching also argue against a purely verbal mechanism. 
It does not seem to be the case that normals mediate their choice by a 
verb^^I label, rehearse it and then make the match as well after longer 
delays as they would after shorter delays. _The normals were subject to 
delay decrements even though they were not as large as the retardate 
decrements. If one were to appeal to a verbal mediator one would have to 
postulate not only differential effects of unfilled rehearsal periods in 
normals and retardates but also a rehearsal decrement over time in 
normals, Whiat does appear to be true is that the tirial by trial strategies 
for retardates differ from those of normals. Response perseveration and 



correction errors are more characteristic of the retarded group than 
either the first or jirixth graders. These context effects vould tend 
to depress performance over all levels of stimulus information. They 
vould also tend to obscure channel capacity differences, that is dif- 
ferential asymptotic levels of information transmission. 



Experiment 2, 

Identification by retarded and normal children of stimuli varying 
along one, two or three dimensions 

\ The data of experiment one revealedTa retardate identification 

\ ■ " ■ 1 ■ ' ■ ' ■ 

deficit when compared to both CA and MA normal controls. However, despite 

the fact that sixth graders appeared to perform more effectively than did 

■ - . " !'■■■■' 

first graders the difference was not statistically reliable. A difficulty 
with experiment one was the high level of identification performance for 
both. normal control groups. We hypothesized that a possible developmental 
difference was obscured because the task was not sufficiently demanding 
to differentiate the normals despite the fact that it clearly revealed 
retardate-normal differences. One of the purposes of the present study 
was to provide a sufficiently demanding task to tap developmental as 
well as intellectual effects. All subjects were therefore presented 
with a ten alternative identification task, and once again groups of 
retardates, sixth grade CA and first grade MA controls were run. 

Replication of some of the effects found in the first experiment 
was another goal of this study. Two levels of delay between presentation 
and removal of the stimulus card and presentation of the matrix display 
were included to determine the reliability of the memory effects of the 
previous study. As was the case in experiment one the effects of redun- 
dancy upon stimulus distinctiveness were investigated by requiring 
identification of at:imuli which varied not only ailong one dimension but 
along Itwo dimensions as well. An extension of the redundancy question 
involved the inclusion of stimuli which varied along three dimensions 
along' with the one and two dimensional stimuli* 



Ah additional perceptual question posed by this experiment cehtered 
;about^the type of .dimensions used and their combinations, -In experjjnent * 
one the stimuli consisted of squarea varying in size and/or brightnessc 
Thd physical dimensions of this study included length of a line, orien- 
tation of that line, and. the brightness o f the background upon which the 
14rie was placed. The use of these three dimensions permitted investigation 
of not only j the distinct;ivenesfi of stimuli ^ v of these 

dimensions ^and 'stimuli in wliic^ they were combined but also made ppssible 
a comparison of different dimensional combinations. If one considers 
the line as a figure upon a background varying In brightness; one may 
ask whether distinctiveness differs when one .varies both dimensions of 
the figure, e.g., length and orien£ation with the baskgrcund (brightness) 
held cpriistant, Vfrora the" case in which a two-dimensionally varying stimulus 
has as its (iimensions/^^^^ the figue (length or prien- 

tation) and one from the background. This 'fig;ure- ground question was 
fthe final one toward ""which experirient two was addressed. 

Subjects ' 

Twenty six. normal first graders, 26 sixth graders and nine* retarded ' 
children served as subjects, the normals were students in the public 
school system of Willimantic, Connecticut and the retardates were residents 
of the Wansfield state Training; School, Mansfield^ Connecticut. The 
retarded childrea were undifferent ia tied diagnostically. with a mean CA of v 
12.15 years (range 10>3 to 14. (range 6.05 to 7.74) 

arid mean IQ of 51.7 (range 43 to 72) , ^^.Npne^of them exhibited, gross ' 
sensory or motor Impairment, all;' at the 
training school 9 and all had previously fieirved as subjects in discrimination 



learning experiments. The normal children were selected by their teachers 

. • > ■ ' ■ •• ■ . ■ '• ■ ' . . ■ ' . 

vho were instructed to choose pupils who were of average age and average 

ability for their respective grade lievels, 
# 

I4aterlals 

The stimuli to be identified ct^sisted of 3 in. x \3 in, cards upon 
which a line made of 1/16 in. red charting tape was plated. The brightness 
of (he background of the card was varied by the use of color- aid gray 
paper. Ten brightness levels were obtained using Color-aid values lAp 1, 
2A, 3A, 4A, 5A, 6A, 7A, 8 and 9A: Ten values of length of line were 
used with ^orange of 14 ran. to 57.7 mm. Each step along the^ length 
dimension was 1.17 times_ the size of the preceding one. Ten oriventations 
were obtained by varying the. line with respect^to the horizontal from 
"6**: to B7^ in 9°. stepis. Thirteen sets of 10 cards each w^e constructed 
to provide stimuli which varied along one, two or three dimensions. The 
^13 sets consisted of : three linidimensional sets in which one of each of 

the three dimensions varied while the other two were held constant', * six 
: bidlmenslonal. sets in which two dimensions varied in a pierfectly correlated 
fashion wh 11^ the third remained constant , and four tridimensional sets 
in which all three dimensions varied in a correlatedv fashion. There 
'were six and four bi- and tridimensional sets rather than three and one 
respectively because for each off the bidiojierislonal raets value one on 
a vaiMable^ dimension was ' coi^bined with value one or ten on the other 
variable dimension, while in the t rid imerisional sets value 10^^^^ 
dimension was combined with both one values on the other two dimensions^ 
along with a set in which all dlmensionsVwei^e combined starting with 
value' one. "'s. . -^'^ •■„■■. ' ■, ^ ' , •. ■ 



Koth the stimulus for identification and the display matrix were 
presented on a 30" x 30" display board. The identification stimulus 
was inserted in a holder mounted in the center of- the board, with the / 
response matrix arranged in a circle around the stimulus. The board / 
was placed on an easel facing the subject and covered with a mask, ^he 
mask required an excursion of six inches to cover and uncover the response 
matrix. Figure three illustra tea the display board, mask and relation 
. of the display to S. and E. : / 



Exp e r im en t a 1 D e 8 i gn a nd P r o c e du r e 



The independent variables of the study were Groups (retardate, first 
graders and sixth graders) identif tcation delay (zero or 15 seconds) and 
dimenMonality (uni- , bi- or tridimensional stimuli) . The delay con- 
ditiohs were prjBsented as a within subjects variable in all three gfo^ups, 
but the dimensionality condition was presented as a between subjects K 

variable^in the normal groups and as a within variable with the retarded 

■■■ ^ .' ■ c , ' ■ ■ ■ , , ■ " . . ; . " . . "; • " ■ ,1 ..- 

8ubjectfi4' ■ "'" .■ •..■■'v ' 

Each of the retarded ^s were run for three hourly sessions^ Within 

each session the two delay conditions were imposed in a balanced fashion 

across subjects. The dimensionality conditions were balanced across 

session arid subjects as were the stimulus sets within each dimensionality 

condition. In an hourly session the lO stimuli to be identified were 

presented 100 times, 50 under the 0 delay condition and 30 under the 15 

sec. delay. Ten practice trials preceded the experimental trials and Ss 

were given regular verbal reinforcement. Candy and/or toy reinforcements 

followed each daily seission. 

> Tl^e procedure fof the normal Ss was similar to that for the retarded 
childrien, but for the fact that only one hourly session per S. wds held o 
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served in only one dimensionality condition* Each of the 

imulus cards was used for two normal Ss. ^ 

■ ■ ( ' * ■■ ' V " 

/ " . * • ^ ' RESULTS \ 

Since the experimental design included different arrangements of 
the independent variables for retarded and normal subjects several analyses 
were carried out# These will be presented in three sets: analyses for 
normalSy analyses for retardates and retardate-normal . comparisonis.^ As 
was the case in experiment 1, the response measure analyzed was transmitted 
information (T)/ . 

. First and Sixth Graders 

As can be seen in figures four and five, the sixth graders tirans- 
mitted consistantly greater amounts of infomation than did the first 
Igraders, This differenca was statistically reliable beEow the •OOL- level 
° 40«27,df= 1,38). Dimensionality effects iilustrated in Figure 4, 
include more information transmitted for the bi- and tridinier^sidnal 
conditions than for the unidimeasional condition (F = 17*40, df « 1,38:, 
p< .001) but no significant increment for tridimensional stimuli over 
bidimensional ones. None of the' three 'unidimensional conditions ; 
differed significantly from the others but the bidimensional combinations 
did. When .Ehe two figure dimensions (length and orientation) were 
combined, significantly more inJOTnnation was transmitted XF /■ 8.27 ■» 
1,38, p < .01) than when either of the figure dimensions were combined ■ 
with the background dimension (brightness) . 

Delay effects were clear and consiatant as illustrated by figure 5« 
Perfbrmance was degraded by the 15 second delay at both grade levels 
■ \(F;.-'36.8, ;d£ - :l,38j p < .001). 
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Figure A 



Information transtnitted by the three 
experimental groups as ^ function of 
delay and number of redundant dimensions^ 




V ■ ' ■ *■ ' ' . ■ '■■■"'..„ 
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Figure 5 

Delay effects among the three eas^perimi^ntal groups. 
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Retardates , 

Dimensionality effects^ within the retarded Ss differed somewhat from 
those found with the normal controls. While there were no differences 
amoYig the unidimensional sets of stimuli as was the case with the first 
and sixth graders, the bidimensional figure combinations as opposed to 
figure-ground combinations were not reliable different though they were 
with the normals. Another retardate-normal dimensionality difference 
can be seen in Figure 4. The greatest effect of redundancy is seen by 
looking at the tridimensional stimuli as opposed to the uni- and bi- 
dimensional sets (F « 21.3 , df 35, p ,001). The uni- and bi- 
dimenBional conditions do not differ greatly from feach other* 

Retardate delay effects were similar to those found with normals 
(see Figure 5)' and were highly reliable (F " 28.3, df « 1,35, p < .001), 

Normal vs. Retardate Comparisons 

In comparing retardates and normals directly two analyses were 
carried out. The first and sixth, graders who had unidimensional con- 
ditions were compared to the retardate unidimensional performance, while 
those first and sixth graders who performed in the bidimensiorial con- 
ditions were coDfipared to the same retarded children but only in terms of 
their bidimensional performance^ 

For tinidimensional se^^^ sixth graders transmitted significantly ^ 
more information than djLd either first graders or retardates (F "10.98, 
df ° 1,12, p < ,01),^ but the difference between first g 
retardates were riot s^ df - 1,12, p 9. .05). Although 

delay effects were significant as from the other 

analyses, no interaction of subject differences and delay were found. 



In the bidimensional analysis once again sixth gradertj traiimtiitLyd 
more information than did first graders and retardates (F " 39«7, df «• 
1,24, p < .001), but in this instance first grade performance was 
significantly better than that of retardates (F « 19.5, df « 1,24, p < 
•OOl), Once again significant delay effects but no interaction of delay 
and subject differences were found. 

. ^" DISCUSSION 

The results of experiment one revealed a retardate identification 
deficit and a hint of a developmental correlate df identification • We 
reasoned that the developmental effect was not clear because the high 
level of performance in both normal groups may have resulted from too 
simple a task. Supportfor this hypothesis comes from the reliable sixth 
and first grade^ differences of the present study in which task demands 
were higher. In this study as was the case in the first, retardates did 
not perform as well as did normals. However while both first and sixth 
graders outperformed retardates in the first study, only our sixth 
graders did so in all cases in this study. With the uriidimensional 
stimuli of experiment two, retairdiate and first grade performance was not 
significantly different. While it is possible that the particular 
dimension employiad might attenuate the diffierences found with other 
dimensions and dimensional combinations, We do not favor such an hypothesis 
The differences that did ekist (see Figure 4) were in the appropriate 
direction, the bidimensional stimuli^'dld produce significant retardate- 
^i^^st grade differences, and one of the single, dimensions, brightness, 
used in this study was similar to the brightness dimension of the first 
Study; all of which leads us to favor the first grade-retardate difference 
we found as real despite its failure to reach a conventional level of 



statistical significance, * >. 

The effects of redundancy resulting from dimensional combinations, , 
upon stimulus distinctiveness were consistent with the first experinvent 
but^not as straightforward as we might have liked them. to be, Once^^a^^ 
more information was '^transmitted when dimensions were combined than when \ 
uniditnensional stimuli were identified. However the benefit gained from 
increased dimensionality was not only not linear, but perhaps not even 
^monotpjiic. For the normals the gain .for two dimensions over one was 
clear and expected, however the addition of a thii:d variable dimension 
in some cases improved performance slightJLy over two dimensions, but in ■ 
Others depressed performance. For the retardates the three dimensional 
identification produced by far the best performance. It may be that the 

effects ^of dimensionality upon distinctiveness do indeed interact strongly 

\ ' ■ , ■■ ■ ■ ' ■ ■ ■ • " " 

with developmental and intellectual level as our data seem to suggest, 

,.but if this is sb the interaction is a strange one indeed. The results 

^ ' . " - . .. ' ■ ' .'^ ' * - 

of this^study and the first study would indicate that retardates benefit 

increasingly from added redundancy, but that our normal controls cease 

deriving benefit after two dimensions of variation . This by. itself is 

■ • ■ ■■■■■■ , . ■ ' : ' • ■ ■■■ , r , , ^■'^ \ 

•not" very Strange, but when countered in /light of the fact that college .-: 
Students seem^to benefit from increasirig redundancy up to three dimensional 
stimuli with the very samie dimensions of variation (see experiment four, 
section II), the interaction becomes at best a very coniprex one. j 

^. The overall effects of del^iy in this study were identical to those 
found in experiment one. In all cases Imposing a delay between the 
stimulus to be identified and the response matrix decreased performance. 
This clear indication of the importance of memory to our task forms the 
basis for the investigations reported in section II and III. While ^the 
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overall delay effects in this study vere similar to those found in 
experiment one, there waa no indication of an inteiraction of delay with 
groups of the sort found in that early study. In that experimental 
delay seemed to affect retardates more adversely than it did normals, 
while here, delay decrements (see Figure 5) were similar for all 
subject groups. 




; s? - ■ ' • SECTION II 

COMPARISONS OF IDENTIFICATION 

' ' ' - ■ " • ' 

I ^ ' ... AND DISCRIMINATION 




Experiment 3 

<•-■ ■ 

A comparison of two types of identification 

Che match- to- sample procedure used in experiments one and two was 
selected to minimize verbal responding and yet still provide a vehicle 
for measurement of the identification process. the conventional, iden- 
tification procedure requires the labeling of a particular stimulus in ' 
the absence of any other comparison stimuli; it became clear to us that 
our match- to- sample procedure by providing comparison stimuli might be 
doing more than just avoiding the problem of retardate verbal deficiency. 
We reasoned that the matrix wa^providing information which was otherwise 
required of the subject's memory in the identification situation. Tliis 

|!memory aid" function of the matrix could be seen in its optimal fdirm 

- • - ■ - ■ . . . . ^ , . ■ • / 

in the conventional discrimination situation in which all stimuli for 

comparison are available at the same, time and no memory demands for the 

^ charactei^^istic of those stimuli are required at all. The differential 

requirements for memory in the discrimination paradigm and the match- to- 

sampli^ paradigm which we consider a type of identification led us to the 

experimental consideration of identification and discrimination described 

in this and the following two experiments. 

As our analysis of the major theoretical question of the discrimination^ 

identification distinction proceeded, a number of iables od uld be* 

isolated for experimental investigation. Our procedure of matching to 

sample provides operational distinctions in the comparison of the two 

processes. In terms most natural to the procedure, discrimination is 

a-procesB^involving the successive comparisons of a very short term trace , 

(i.e.y a "present" 8tljnulus>, w one of amximber of other traces, subject 

to, certain i conditions J o« that there is a "closest" matchg or that the 
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stimulus is "identical" to one (and only one) of the designated set. 
Identification^eanjbe said to differ from this In a quasi-qualitative, or 
nearly quantitative way, in that a) the stimulus trace is old b) the 

■ I .... ' ' ' " ■ ! 

response set traces are old c) both* 

Perhaps, we reasoned, part of the retardate deficiency is in the 
way in which the two kinds of stimulus traces are stored or retrieved. 
Reserving for later the comparison with the temporalreffects on 
retardates, we investigated in the present experiment the way in wliich 
normal adults process information when, in our standard identification 
task, the tempuxal relation between the stimulus and the response matrix 
is varied. This was done in a 2 x 2 design in which the sub-variables 
were: ^ \- ' • ' \ ' " ' 

^ 1) \. pres^nce-aibsence of a response-matrix (the set of all stimuli 
used in that condition). \ 

2) Zero or/20 sec. delay of response following the offset of the 
sample stimulus . 

The response consisted of a choice of one of the stimuli in the 



i^staiple) w 



response matrix (matching the sample) when the sample was present, or 



naming the sample stimulus when the matrix was absent, 

Jince one of the major purposesXof the program is to assess the 



effecl;s of varying dimensional complexity in sets of stimuli on identi- 
fi cation and discrimination processes we incorporated another variable, 
dimendjional-type, into the deaijgn. There weV^ three levets of this 



factor: 



ij) One-dimensional size 

2|) One-dimensional btightness 

3i) Two-dimensional size and brightness 



In summary: this . experiment was designed to measure the effects on ' 
information transmission capacity of the presence of a recognition 
display, the response matrix, with or without a /'retention'' delay; the 
type of dimensional variation; and their , interaction. We expect that 
recognition-identification will be better when the display is present, 
giving the observer a set..of values against which to match the trace 
pf the sample. At the longer delay, performance could be expected to 
fall off with the matrix present at about the same level, as matrix' absent 
depending perhaps on the dimensional complexity of the stimuli. 

METHOD ^ / ' 

Subjects 

The\S8 consisted of six volunteer (paid) undergraduate student s, 

. * '" ' . ' ' '' ■ " ■ 

three male and three female, from the University of Connecticut. 

^Materials _ ' ' 

The stimuli consisted of two identical sets of squares selected 
from the 10 size by 10 brightness orthogonal set used in the first 
experiment. Each set consisted of stimuli of ten different si^e6 (S^, 

••«'Sj^q) with uniform brightness, ten different brightnesses (Bj^ , 
. ♦ .B^q) ^^^'^ ^'^^form size, and ten different bidimensional completely 
redundant squarea (S3^Bj^, S2B2,- •«vSxo^lO> a "linearly correlated" set). 
The 10 values of each dimension (or bidimension) in one of the sets 
were singly centered on reddish colored tachistiscope "field cards." 
The 10 values of each dimension >in the other set were collectively 
mounted in two rows of successively increasing values on reddish colored 
"field cards These three collectively mounted dimension cards were 
the Vdispiay cards'r fro the teae 

stimulus* 
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A tworfield tachistoscope was used to present the test stimulus 
and display. Either a blank red field, a single test stimulus against 
a red field, or a display of ten alternative stimuli against a red 
fi6ld could be seen in the tachistiscope at any given moment during 
the course of the experiment* > ' ^ 

Design 

Three independent variables were studied in a factorial design: 
Display type at two levels (presence vs. absence of a display following 
the test stimulus presentation); dimension type at three levels (one- 
dimension size, one-dimension brightness, and two-dimension size-brightness 
and the length of the retention interval at two levels (0, or 20 seconds). 

All subjects were r^.m under all conditions; thus they acted as their 
own controls. The £s were tested over six experimental sessions, each 
session consisting of 120 trials. Only one combination of display, and 
din?eusion type or number was usied during a given session. Delay and 
correct Stimulus value orders were randomly arranged over the 120 trials, 
while the order of experimental coaditidns was completely counterbalanced 
across subjects. Dimensional types occurred in succession. 

The dependent measure, which was manually recorded by the experimenter 
was the number of errors made by S^s under each condition. This error 
measure wps subsequently transformed into the amount of information 
transmitted by each under each condition.* 

.■..Procedure y' . y ' ■ ■ - 

Upon entering the ;experimehtal lab S_s were seated in front of the 
tachistiscope and explained its use* They were then instructed as to 
the nature of the tasks th^ay had to perform, and given sevieral practice , 
trialjr with the tachistiscope .^^^ — — - — 
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The test stimuli were presented for a period of one second; In 
the display-absent condition the display was shown only once for a period 
of one minute at the beginning of the session. In the display-present 
condition it was shown after each test stimulus for a sufficient amount 
of time for the S. to make his identification response. 

The had full control over the time of test stimulus presentation. 
By pressing a button on the tachistiscope control box at any time after 
a signal given by the experimenter^ he could cause the test stimulus to 
appear. The experimenter had full control over the length of the delay 
interval preceding the identification response. During this delay the 
S_ wiia told to continue looking into the tachistiscope in order to keep 
his eyes at the same I^el of light adaptation. 

. ^ RESULTS 

Figure 6 shows the mean number of bits of information.transmltted 
under each of the experimental conditions. 

The analysis of variance showed that^ only one effect was signifi- 
cant in the present data; unidlmensional stimuli resulted in less 
information transmission than ibidimensional stimuli (F « 6.81, df « 1,44, 
p < .05), Other effects which approached significance were: (1) Delay 
X Display (F - 2.67, df « 1,44, p < .10), in which less information was 
transmitted under conditions of increasing delay and no- display than 
under conditions of decreasing delay and display present j and (2) Delay 
X Unidimensional type (F "? 3.72, df-« 1,44, p .10), in which delay had 
a inore detrimental effect upon brightness than upon size. 

The results were noteworthy chief ly in their lack of confirmation of 
the intuitive hypotheses concerning the major variable, the presence of- 
the matrix* There waiB no effect of the presence of the display, and as 



Figure 6 ' 
Information transmitted with and without 
matrix as.a function of dimensic i 
condition .(Siaie, Brightness, Bidimensional) and delay, 
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might be expected from this, no effect of delay. There was a delay 
effect only as a part of the interaction of delay with the type p'f l-D 
task (Size vs. Brightness). With size stimuli there was a definite 
dr6p off in performance at the 20 sec. delay, while the delay had no 



deleterious effect on performance in the brightness condition. /This 

■■■../ 

suggests strongly that, the uses to which a reference display can he 
put may depend on the type of coding (in tmn a functica cvf tlie dimension 
of variation)* The traca for a Size stimulus has a "spatiali'M quality 
which makes it accessible to comparison with a present stimulus. This / 7/ 
. /trace decays rapidly; in the meanwhile^it is converted into sope i'll-r^ \^ ^ 
relatively permanent form, so that a considerable amount of the information 
is preserved. This meachnism : is , of course, essentially what we have 
hypothiasized als a general effect of the matrix delay. . With thg brightness 
stimuli, no such effect occurs at all. There is, in fact, a slight 
increase in performance with the 20 sec* delay*, Presumably Brightness is 
immediately coded into its permanent form, so that the comparison with 
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the display stimuli is not really helpful. An alternative possibility 
is that the trace for Brightness stimuli is much longer lasting than 
that for Size, but this seems, in light of the present data, a less 
plausible explanation. 

Similarly the results for Display are not simple. The reason why \ 
a main effect for Display does not appear may be because of a Display 
X Delay interaction: in each of the three dimension conditions there is 
an advantage to use of a display presented Immediately but this advantage 
disappears, and even seems to be slightly reversed when the respons^ and - 
display presentation is delayed for 20 sec. The latter result is un- 
expected but, after the fact, not completely incomprehensible. In the 
no-display condition,' the task of the subject is to identify the stimulus 
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presented, comparing it to a set of remembered standard's,. He must "make 
up his mind" either instantly (0 delay) or sometime before 20 seconda^ 
The requirement of immediate responding can only work tt<^o f duce accuracy. 
The net resuli: of the conabimation of thie effect and trhgrt crfi: the display 
when F^esentsd is to cancel cx^i the main effects of both Scitaplay and 
i)elay, leaving the interaction to carry the burden of analysis. 

One interesting result is that, the lowest point is a matrix 20" 
point. The no-matrix condition, which c:^ld be expaC:5:e^ ^ >> be worse. 
Is UH3t, -l^rh'k^ :ssi^3gests -tihm: use different s^trateg-x^^?^ .^4:^- matrix than 
for no-mat:rix conditions. They are operating close to capacity for 
no-matrix. They drop at 20 sec. delay when matrix isi fcliere. They don't 
learn or don' t care to idmti^^y (work a# haxd) in tlie m^tTix-with-no- 
4<5lay» Oi^ they're simply trying to be "good" subjects. We tell 

them to wait 20 seconds for the matrix and they wait, even though they - 
,.lose more by waiting than by an immediate response. 

The only clear main effect is that of dimensionality, with the 2-D 
stimuli, as expected, more distinctive than either of the single dimensions. 

These results support an*^ encoding, or attentionai, interpretation of 
retardate perceptual deficit, rather than a trace persistancy interpretation. 
The fact that an identification aiding display following t<sst stimulus ^ 
presentation does not sxgniJEicantly aid recall indicates that the possi- 
bility of the S^s "matching, perceptual traces" during identification is of 
little importance. It might be argued that the S. can satiaffectorialy , 
match perceptual traces under both conditions of display presentation, 
but the fact that the £ would have to maintain i& separate trace for efich 
of the ten altervatives over the duration of the^ 120 trial sjbssion in 
the no-dlsplay condition is highly unlikely. With a display present 
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after each test stiinulus presentation, on the other hand, the S would 
have only to maintain a single trace for a short duration, ^hus, iti 
experiment 3 it appears that the significant effects which were found 
were primarily the result of the S' s ease of encoding (possibly in- 
volving anchors and labeling) under the different conditions. 

The trend toward significance of the display. x delay interaction 
suggests that maybe, at very short intervals | of delay the S can satis- 
factorily maintain* the perceptual trace and i subsequently use it to'aid 
recall, while after a long delay interval the S may no longer be able 
to utilize the trace^ presumably becaiuse it has had time to decay. 
While this finding might be given as- support for trace decay theory, 
it must be remembered that it was only a "non-significant trend." 

:The reasorf for finding such a general lack of comparable reisults 
between this and- the retardate studies is not clear but points to some 
^factors of potential importance. It seems unlikely that the significant 
dimension type and delay effects found in experiment I ^nd 2 would 
disappear as a result of using an adult sainf^le of subjects in experiment 
3. In any event, a claarly significant bidimensionality effect was 
found in^both experiments, thus lending strd'ng support to the contention 
that adding^imensions to stimuli is a tremendous aid in perceptual 
identification. 



ERIC 



Experiment 4 

Comparisons among three types of identification and a discrimination 

rhe results of the previous experiments made it clear that tke 
process we had called identification was, at least on the operational 
level, resolvable into subprocesses defined on the basis of such factors 
as the number of stimuli in the set, whether a comparison set (display) 
is available, the times of presentation of stimuli and display, delay 
of, display presentation, qtc. 

In the present experiment we attempted to extend the range of 
"identification" processes by manipulating the temporal relations between 
the presentation of a stimulus for identification and the display matrix. 
The four logical combinations were used: 

no matrix; replicating one of the conditions of a previous experiment* 

matrix first: the display was presented, then removed before the 
presentation of the stimulus. 

matrix last: again replicating the previous experiment. The 

sequence was: present stimulus, remove stimulus, present matrix. 

simultaneous: stimulus and display presented together. ! 

In this way we included arrange of conditions from what can be 
interpreted as a discrimination (simultaneous) through a short-term 
recognition-identification (matrix liast) to a short-term recall- identification 
(matrix first) and finally the "pure" ^^o long term identification, (no- 
matrix) . To get the simplest forms of these processes the matrix first . 
and matrix-last delays^ were set at 0 sec, , i.e* , the termination of one 
and the ohsiet of presentation of the other were simultaneous. 

Again consistent with our concern for the interaction of various . 
Identit'ication-discrimination processes with conditions of dimen 



variation, we devised our stitnuLus sets so that every redundancy combi- 
nation of three separate stimulus dimensions were included. Redundancy 
was always constructed through "linear" correlation, i.e., the values of 
the' dimensions being Ay^ A2 B]^,.B2 C^, C2 ... the 2-D sets 

were: AiB^, A2B2 . . * or Aj^Cj^ , A2C2 ••.or B]^Ci,. B2C2 the 3-D sets 

H^ere A^Bj^C]^, A2B2C2 •••• 

METHOD 

Subjects ; 

* There were eight paid S^s recruited from undergraduate classes in 
Psychology at the University of Connecticut. All S.S served in all* 
conditions. x 

Materials and Apparatus 

The basic apparatus was a large board on which were mounted, the 
, stimulus cards appropriate to one of the seven conditions (the "matrix"). 
The cards were arranged in a sequence- of 16 ordered values according to 
the dimension(8) varied in a circle with the sequence starting and ending 
at the? vertical. In tialf the cases the order (according to a givien 
definition of increasing) was clockwise, the; other half counter- clocla^ise. 

In the center of the display there was an opening through which the, 
stimulus was presented. \, , 

Matrix Conditions: 

I No-matrix: the matrix board was covered after the entire stimulus 
set was shown, and not uncovered throughout' the session. Stimuli were 
presented in the center opening and responses coded by the position on 
the bpar^ card, now Governed. Since the' 

matrix cards were ar.ranged in a known quantitative sequence it can be 
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(and is) assumed that any mistakes reflected the lack of resolving ability 
and not a failure of naming, 

II Matrix first (0 sec-'delay) : at each trial onset, S was pre- 
sented with the matrix of IS stimulus cards mounted (in sequence) on 

the matrix board. After about 5 sec, tha cards were covered by pulling 
a screen in iront of the board, and at the same instant the center stimulus 
card was uncovered. Responses were indicated by naming the corresponding 
matrix card (now covered). 

III Matrix last (0 sec delay): at each trial onset, S was presented 

with the center stimulus card, ths matrix cards being covered. After 

j ■ 

. ■ - • ! 

about 5 sec, the center card was covered and at the same instant the 

entire set of 16 matrix cards was uncovered. 

IV Simultaneously: at each trial onset the center stimulus and 
set of matrix cards were simultaneously exposed and left for about 5 sec, , 

,then all covered; 

, Stimulus conditions:, there were 7 different stimulus conditions . 

1. Length (A). The sequence of, 16 cards, clockwise or counter- 
clockwise from ki to A]^6 in roughly equal j«n.d, units of 
length (determined on the basis of pilot .psychophysical testing) 
the "lines" being made of 1/8" tape all of the same brightness ■ 

and orientation . (horizontal) . 

\, * • 

2. Orientation (B) was varied as the angle of a line (1/8" tape 

of fixed length and brightness) with the vertical axis of the 
BtLijnulus card% There were' 16 roughly equal angle steps from ■ 

the vertical to the horizontal. 

.1 ... ' . • . 

j ■ 'c. ■ . ' • ■ 

3* Brightness (C) varied as 16 shades of grey in lines of cbnstant , 

■ ■■ "■,] , .■ ; , . ■ ■ ■ ... ■■ . .. . . , : . 

/ .J^?ljBhgth and orientation. 
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A* Length and Orientation,, redundant two-dimension. There wefe 
four possible matrix arrangements> The two selies, numbered 
. , A2 . . A^g and Bj^ , B2 • . . , Bj^g were covaried either ff.s 



AiBj^ A2B2, • • A^gB^g or as Aj^Bj^g , A2B15, • • .Aj^g:k^ and each 
of these could be ordered either clockwise or counter clock- 
/ wise on the display board. ' 
5« ^ . Brightness-Orientation redundant two^dimensipn, ^also four 
, possible series. * / 

6. " * Length-Biightness redundant two-dimenMon,^^^^ sets 
, ?• Length-Orientation-Brightnesai "etght possible arrangements 

Ail^j^Cj^, A16B16CX6 ,X - \ ^ \ 

^ - w,,, A16B16C1 . ' * 

\ ; AiBigCi, AigBl^^ - V 

;;; / each in a clockwise or counter-clockwise order. . \, 

16;or 16/ 15, i,. 1) of any 
given dimension was balanced across the 8 subjects, but for each S 
was the same in ID, 2D and 3D, and under all matrix conditions. Thus, 
the 5 stimulus conditions for S5 were 7^ ^ 

'•■/.^.•. .; ■ A].6>, •^•t A]_' ■ ■ ■ 

* - ^* ^1 » • • • * ^16 ' 

4. AigB]^, Aj^Bj^g * ' :>i 

V 5. -^j^C^, Bj^gC^g 

^- A^5Ci, •••• Aj_Ci6 . . / 

7. Ai6Bj^C]_, Aj^Bj^gC^g 



aii^ were the same in all matrix conditions • 



\ 
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A suiTimiiry of- the experimental conditions is given in Table I, . 
Instruction^: The Ss were told that there are two identical sets of 



c^rds. . 

< ■ ■ 

1. 



one is set up in a matrix (showing matrix board), cards nvmbe red 



V :i 
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2. 



IrlC which Icbrresporid to the data sheet given. 

t;|)e Other set will be presented one at a time in the center 

Qijt the matrix board (showing where etimulus card appears). 



You will be|asked to andicate data sheet and lorally to whicTi matrix 



card thfc center card c6rrespori<Js. : Please respond as quickly as possible. 



Only one answer should be recotced in each block. 



• ,Yo^ wilt first be given 8 [ttials in which tV^e matrix and stitaulus 

. '<\ ■ ^ ■ \ . '\ 

i- - - ■ i\ r- • . ■ \ ■ ■! r ■• / ■ ■ 

will be visible at the sabe tirhfei This will help ybu become familar 



with the card si'. 



Procedure 



\ 



After giving subject 8 practice ■trials/(u&ing the simultaneous 
matrix condition), th^\ exper linen t'er explained which matrix condition 



yould be used, | A- correction procedure was usedi^**the*^^'erj^f?g*r^^ 
the correct re4ponse 'or saying "correct" immediately. Thci matrix or 



stimulus card (depending onith'e matrix condition) was left exposed until 



1 



\ 



afifer the correction was givenl ^ . 

I There were 80 trials in each experimental condition. The 16 cards 
were! presented in random order, 5 times each; the same card was hot 
preSjfented more than two successive times. 

, '■■/"'"■ ■ ... ^ ■.• . . x., ^ ■ . 

Np-matrix condition 

. The £ was given 3 minutes to study the matrix board after the practice 

. V-.- ■ ' ■ ^-^ ^ : ■ .\ ■■ \ : -X- ■ ■ ■ ■ 

trials, then the board was covered for the remainder of the session. 



TABLE 1; 
EXPERIMENTAL CONDITION 
MATRIX CONDITION I 

I tio matrix condition j 

II matrix first with 0 delay"| 

III matrix last with 0 delay j 

IV siroultanebus condition 

1. orientation and brightnesl con^stant, vary loagth 

: . AiV A16-' ■■■ ^ ' V 

2* • brightness arid lerigt'h constant, vary orientation 
El, B16 ' i 

3« Irngth and orientation constant, vary brightness 

CI, .C16: ' 'I 

4. brightness .constant j vary length ai^J-'^'^tTen^^ 
' ■ c, AlBl, AlBl6/A16Bl.,,A16^fif^^^^^^^ 

5. ; lengit:JgLy«Goittt:ant, vary brlvgfe.tness'^d orientation 




6»^-^orie'ntat:ion constant, vary SjLength and brightness 
' • . ^ ClAl , C1A16,; C16A1, C16A16 

7.1 vary length, oriointat ion and brightness 
, ^ AlBiCl , A1B1C16 , AiBieci , A16B1C1 , A1B16C16 , A16B16C1 , 

A16B1C16, A16B16C16 



Subject 2: 



Subject 3: 



Subject 4: 



A7. , Bl , CI , 
A131, BlCl, ClAl, 
AlBlCl 

Al , Bl, CI 6, 

AlBl'i B1C16,, C16A1 
A1B1C16 

Ai/b16, CI, 
A1'B16, B16C1, ClAl, \ 

XIBI6CI I 

' \ 

Al, B16, cie; 

A1B16, B16C16, C16A1, 
A2N16C16 • 



Subject 5: A16 ■ Bl , CI , - 
A16B1 , BlCl, ClAl 6 , 
A16B1C1 

Subject 6: Al6, 'b16, Cl, 

■4I6BI6, B16C1, C1A16, 
- V A16B16C1 % 

Subject 7: A16, B1,C16, ' 

A16B1,, B1C16, C16A16,. 
■ ' A16Bl(i6 

■ - . i . 

.Subject 8: A16, B16, C16, 

' A16B16] B16C16, C16A16, 
. A16N16CI6 
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, . -59- ■ ■ / ■. • / 

■ ■ -// / . . , 

- . - ;■■ , ■ / . ; 

//• ■ • ■■ 

' ' " ' , ■ ' // - • . 

Matrix-first condition // 

: ■ .' ■ .'. - . ■ ■'■ . ■ ■ / ■ . • 

The matrix board was expoised for 3 secondsp/^hen covered and the 
stimulus card presented at the same time» /f : 

. - ■ '■ ' ■ ■ . ' ■ ■ : ^ ■ ■ - • 

Matrix- last condition // v 

The stimulus card was presented for 3^ seconds, then removed and the 
matrix board exposed at the same time,^^^/^ 

Simultaneous matrix condition l,^^----'^^ ' 

The matrix board was available^ at ^all times, open. The stimulus 
. card being presenJ^d 



REStrn:s':^m)is CUSS ION 



The basic analyses were performed on transmitted information stores 
calculated for each S in each of the 28 conditions. o 

Matrix Conditions (see Figure 7) j^alyses confirmed the major.. 
^ hypotheses about thematrix conditions. 

1) The simultaneous (discrimination) condition is significantly . 
better than any of the other three. . 

2) The matrixrlast or reco/gnition- identification condition is 
superior to matrix-first or no-matris but not as high as the simultaneous 

condition ' s 

« ■ - ■ . . ■ \ , ■ ■ . ■ .. 

^ -3) ' There is no difference between the matrix-first and no-matrix / 
condition. (I, II) vx. -(IIIi IV) F - 10.89;. df = 1,189; p < .001 . - 
/ (I); v: (II) F < 1 (lll)-v (ly) F - 4.91; df " 1,189; p < .05.^ 

^These results confirm and' considerable extend the conclusions „emerging 
from the previous experiment: 

i) The process-dimension whose end points are discrimination and 
identification can be operationalized in our delayed matching- to-^ sample 
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Transmitt.ed- i tjation as a func of the x condition. 
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MATRIX CONplTlONS 

1 — NO MATRIX 
2— MATRIX 1ST 
3 — MATRIxi LAST 
4— SIMULTANEOUS 



^ ^ • ^ 3.5ir 



j, ^ - . :\ 




' - 3.25 







3.0! 
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procedure, with th<^ critical parameter beiag the temporal relation 
between stimulus and response matrix, 

ii) In identification some sort of short term«trace of the -fudged 
stitiiulus is invo-lyed in the perceptual decisiona 

iii) The judgment, process in identification does not make ufee of ^ any 
. kind of short-term trace of the set of possible stimuiiis" values/ This 

is a rather^surprising ^result. Evidently, at least when'the number of , ' 
. response categories is large, the organism cannot effect - J 

^shoit^ term info mat ion available from' the whole set. The presmt results . ' 
suggest,; although not conclusively, that £ cannot even use the display^ 
to strengthen a smaller number (as few as twd^) of anchor points as an " 



_ aid to categorizing the stimulus, 
^ ' , , ■ ; A major conclusion 'froni this is that the id.enitifi cation process 
involves the * construction qf an/orde 
^^ nor affected by incoming consistent inform.t:ioh (although^; it^ V 
new inconsistent ^^iifoxn^ 
^\ ' : standards^ugge^ts a number of difficulties in reconciling the jud^ent : 
;^^L---^-'^'^atia^ w the general findings of adaptation-level reseaf foi: example,' 
It also, to the point of the present project, suggei|ts the dimension 
along which retardate-normal and developmental parameters of identification 
■ .-■ may':^?^ srplored,;'- .Z''^' . . 

Dimension Conditions. (See Figs, 8 and 9) . 

■The main Dimensional effects again de^^ 
in identification, " 

1) The 3-D condition was significantly better than the one- or 
. ^ two-Dt (F « 19,92; df- 1,189; p < ,001). ^ 

2) The 1-D was significantly worse than others. (F ~ 72.27; df ~ 
^ , 1,189; p < .001) 



; Figure ■■■8 . ' \ 

Information transmitted under conditions^of dimensional variation, 



■^•r**-V^r.»^^y•',(^^'/-y-.=f'#tiF;<•A»-^f^V«l'*t\«>^^t'^<^^^^ >^-if-'i'.y*^i'^C.ii^rfl^'tf^.y}>^t-:;i}iyt:<.uy,)yt»^^^ — ,~7 ■ ■- • — • - — ' i-nii'.I^.S'Vrf.'- 
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Figure 9 

Transmitted information as a function of number of dimensions. 
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Redundant information of the kind in this experiment makes stimuli 

1^1* 

more distinctive, over all conditions of judgment. 

3) Within 1-D conditions, results of earlier studies were verified 
in that infomation capacity for Length was much better than 
. fox Orient/tion and Brightness (F « 10.51; df « 1,189; p <. .005) 
This is i[)robably not a result of much intrinsic interest, i.e., 
it may not reflect so much the qualities of the dimiensions, 
as the limitations of the stimulus aaterial. The question is 
worth pursuing, but needs better equipment and a refinement of 
experimental techniques to get to a definite conclusion. 
A) Consistent with the above is that the Z-D results differed 

mainly in that 1:he combination not involving Length (OB) was 
- . marginally, low^r than the two 2-D conditions which did /(P ■ 

3.35;' df= 1,189; p < /.lO). ^ 

^Interactions. (See Figure 10) 

; The only surprising result was that there were no significant . j 
interactions between the Matrix and Dimensional conditions. The only / 
mariginal result (F .-3.62; df « 1,189, p < .10) was that the difference- 

>^between 1-D and 2- or 3-D was different for the two best matrix conditions 
(I, II) than for the two worst (III, IV) corresponding roughly to a 
difference in the slopes of the two upper as compared to the two lower 
curves in Figure 10. The/result, if replicable, is noteworthy in that 
the 3-D redundancy effects are greater in the better conditions (where 
ceiling effects might be expected to cause a smaller increase) than in 
the poorer ones. This is another result which should be followed up 
with more x'esearch. 



Fiajre 10 



The effects of d/mensionality on transmitted 
infoniiSt:ion,^8 / function of matrix condition. 
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Experiment' 5 . 

ft ' 
Comparisons of .identification, discrimination and type of dimensional 

combination/with retarded children 

I ■ ■ . •• i" .. ' • ■ . . 

/ In this study we extended the ideas developed in earlier studies 
about the identification-diGcrimination continuum; and the effects of 
couibinin perceptual dimensione to a retardate pC)^ulation. The chief 
aims of the study : 

1) Determine the channel capacity of our^ retardate group for 
stimuli, encoded in one-dimensionally ;arying sets and in various two-^ 
dimensional sets. We hoped that improved' equipment and techniques would 

yield higher and more stable , information transmission rates than we had 

■ ■ ' . . " - u'^- - . - , . ^- - ■ ■ 

been able to achieve in our earlier ^.tudies. . . ' ' 

2) Obtain feasic parametric data, relating to the discriminative ^ 
and identification capacities of. our population. Our earlier analysis 

had pointed to the delay , d', between thty^/pffset of a stimulus and the 
onset of the response matrix set as^ a crucial parameter; with d > 0 
defining the condition identification and 4 < 0 (implying some overlap 
of stimulus and response matrix dn-'time) defining discrimination. These 
two conditions were the first 'of the major variables in the study, 

3) . Verify the 1-D, 2-'D effects, expecting that multiaimensional 
variation makes for more, distinctive stimuli/ To this end we included 
two l-D 8ets> one for color, the other for size - 

4) Discover the effects of vaf|ring th^^^^^ 

redundantly and .uon-redundantiy. Two redundant sets and one non-redundant 
(orthogonal) set were used, 

. i^mpare^t^ two most extx'ieme forme of redund^^^^ 2-D encoding 
'(linear ly**" correlated and "sawto^^ 



6.) In a Less formal wayj try to develop an effective shaping 
procedure to bring the S, population to the point where their performance 

could reasonably be interpreted as reflecting their* perceptual capacities 

i , ■ ■ " 

and not any of a myriad of extraneous factors^ 

• ' \ ;:;]ffi'rapD y ., • : . 

Subjects 

There were 5 independent groups of 5, S^s.each, ^25 Sb in all, drawn 
from the population of the Mansfield Training School, Ss were undif- 
ferentiated diagnostically but showed no evidence of gross sensory \or 
motor impairment, MA levels were balanced across groups within the range 
of six to eight yWrs, All the children had previously served as svibjects 
in discrimination learning experiments and all attended classes— at- the 

Longley public school* . " 

■ , ■ ■ ', ■ ' . ' • ■ 

Procedure , ^ ... 

Apparatus , The matrix aboard described in experiment two was used 
such that the stimulus matrix was presented in a circle with\ the target 
stimulus presented in the center of the circle. , v 

Stimuli consisted of circlet* of various diameters and color a depending 
upon the condition. There were a total/of 5 conditions, 2 uni-dlTieasional 
conditions; (siize, color) , and 3 bl-dimensional conditions; (diagonal, 
orthogonalv/ijawtooth) ♦ , ^ » 

Each subjecc: was presented a stimulus while the matrix was covered 
by a sildiitg dbpr and then presented with a matrix of 2, 3,* 5, 7, or 9 
alternatives, one of which exactly matched the target stimulus. The S^^'s 
task i/as to .paint to the stimulus in' the matrix which exactly matched 
the , target stimulus: in th^^ v^rbal\ coSnunication was necessary 

on the.;part.^of' the':;^, •■ - .*. ^ 
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Design." A between subject design was used, where each S was run in • 
only one stimulus condition in a series of 3, A, or 5 experimental 

snessions, depending upon the performance of each S .in each condition. 

' .' " " • . 

Two temporal conditions were also employed, a "discrimination" condition 

■ ■ ' ■ ' ■ ' ' ■ ■ " •* ■ * ■ ■ ' . ' 

(in which^S, was shown the target stimulus immediately followed by the 

stimulus matrix in time and both were shown simultaneously until S made 

1, response or 5 "sec. had elapsed) ; and the "identification" condition 

(in which S was shown the FS for 3 sec. at the .end of which the Ts" was - 

' ■ ■ M - ^ ' ' ^ ■ 

' t;aken away ^ .-^af ter which the .stimulub m.atrix "was shown iirene^^^tely (zero- 
second delay) f'g then had 5 sec. i-n which tcrYespond. Reinforcemer>c. was 
administered verbally and in the form of M & M candies which were 
administered periodically^ and wi> h the choice of a: toy which was admin- 
istjBrled at thre'end of eacli 6xperin\ental"s6fiMon. All Ss-vere first 
presented with tJhjB sinatl^"^^^ matrix with tEe discriaiination 

.conditi^dn presented first, followed by the identiiication condition before 
moving on to a large|r stixnul-ua matrix in ascending orderi " ' 

■ Order of ;preseritatiori • 



Ho^ olf^ltlts in 
stimulus matrix 

temt)oral 
V sond^ftion 



2 2^ 3 3 5 "5 7 7-9 9 
D " I D I. D I D I D I 



Stimulus Conditions. Stimulus seta .were m<ade up-with ordered values 
on th^^twb dimension.^ r A^^, A^; Bj^, 3g determined hy a 

preljfbixtliry J>il^^ atudy* ^ / ' ... 
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,The full (n = 9) orthogonal bidimensional set was taken as the 

numbered values 



Al' 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 
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i. 



below. In the orthog- 
onal condition with 
n = 3, 5, 7 the values 
were taken in the 
-order indicated. Note 
'that the subsets of 
size < 9 are not 
themselves arranged 
as orthogonal combi- 
nations. 



The lineaf correlated sets were obtained according to the following 
schedule ' ' / . 
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and the sawtooth as followB 



Al 
A2 
,Ai 

■A4 
A5 

A6 ■ 

A7 
A8 
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A9 - 



B2 B3 B4 B5 B6 B7 B8 B9 
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- RESULTS AND DISCUSSIOiN , . = j 

■ ■ ' . . ' ' : ' ■ ' ', - ' \- 

A traasmrtted information measure (T)" was calculated for each S in ; . 

■■, . . / . ■ ' 

each condition* The mean T over S^s for each group /by process (Discrimination 

" ""l^. . * " ' . . ' ... I ' ' ' ' , • ; r 

.vs. Identification) as a function of Stimulus Infi^Tma tion (the "channel ! 

capacity'' curve) are p uced in Figures ll-Ts. The dotted line (slope 

of 1 0) represents the upper limit or p rfect transmission* 

fA most impressive, feature of the whole set of data i that relating 

to points 1) and 6) in the Introduction , As compared for Example to the. 

same kinds of functions calculated on a comparable subject population 

with; cOiuparable stimulus dimension, performance, in the present expert- 

ment is ^irnch bettei (more information transmitted) and more reliable, 

almopt to the point where the .>p|>er limit was being approached^ Ovqr . 

ail cleat that cho i: question, is the shaping procedure adequate, 

can be answered x^^^ I :ma^^;^y\;.iy. Certain Ss in certain conditions from ' 

time to time showed lapses of attention and susceptibility to distraction 

from extra^'experimentasl sources, but these were considered minor and ; ' 



■ ,J ■ Figtire 11 

Discrimination and identification clianneL 
capacity function for the color dimension. 
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identification 



Figure 12 



Discriminstion and identification channel 
capacity functions for the size dimension, 
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Figure 13 

Discrimination and identification channel 
capiscity functions for the orthogonal 
bidimerislonal combination. 
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Figure 14 

Discrimination and identification channel 
capacity fuactious for the diagonal 
bidimensional combination. 
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/Figure 15 

Discrimination and identification channel 
capac;tty functions for the sawtooth 
/ bidimensional combination* 
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erisior^s —Sawtooth 



4 



Discrim ination 
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irreducible errors. The results were better than we had hoped or antici- 
pated; performance was so generally good in some conditions that the 
information capacity was not approached. For this reason the results of 
the present experiment cannot be considered a completely adequate description 
of thci transmission (identification and discrimination) capacities of 
these S^s with these stimulus sets, the errors being in the direction- of 
underestimation with the more distinctive sets, 

2« The procedure distinguishing identification from discrimination 
was, in spite of the general high level of performance, extremely effective.. 
The differences were^ in all dimension conditions but the 2-D orthogonal 
(which was close to perfect under both procedures) consistently if only 
slightly in favor of the discrimination. That the separation of the two 
functions is not greater may be attributed to at least two possibilities. 

a) The identification function, which "should" be at asymptote 
.at n = 9, assuming the dimensions to be simple (with the 1-D sets) or near 

the upper limit for these Ss with the 2-D set, appears in all cases to be 
still rising. Our £s, in every condition, are operating at below their 
capacities (on the average) . This is due to the unexpectedly powerful 
.success of our training procedures, and the use of the dimensions of size 
and color which are not as simple ais others. 

b) . Just as we are measuring .a better than minimum identification 
capacity with our procedures, the discrimination function -tends to be lower 
than maxi-mum, because of the limitation on scan time (5 sec.) and the 
spatial separation of test and comparison stimulus cards. With "better" 
discrimination operations, the transmission curves would likely continue 
upward more sharply than in. the present case. It is, however, a possibility 
and in important one, that the leveling of the discrimination functioiis 
represents a real difference in processing capacities between retardate ' 
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and normal control populations. This must be explored in further 
comparative studies. 

3. There is a very clear effect -of increased dimensional variation 

. . 

in i-aising information capacity, even against the high levels of performance 
in the 1-D condition. This is a verification of all our previous findings. 

4. The effects of dimensionality were analyzed in this experiment 
for the first time into redundant and non- redundant components. Although 
much of the speculation and theorizing about dimensional effects ha's been 
based on the assumption that redundancy is necessary, the present results 
are. overwhelming in showing that non- redundant 2-D information is even more 
effective. Redundancy as such is perhaps of minimal importance. The most 
obvious interpretation suggested by ,these clear results is that the 
diiuansional effect reflects both the number of alternatives to be resolved 
and the number of resolution categories on each of the component dimensions. 
(Another factor, logically, is the degree to which the component dimensions 
can be separated perceptually, i.e., dimensional independence.) In the 
orthogonal set, although no information is redundant, a correct identifi- 
cation Can be made by resolving the test stimulus into one of only three 
classes on each dimension, whereas with the redundant sets all nine values 
on each appear. This result is certainly the one of most import in this 
experiment ar.*^ demands much further experimental investigatiuiU 

5. The effects of different redundancy codes is also of some theo- 
retical importance, both to the general perceptual problem and to the 
nature of the retardate condition, Again generalizations are limited bv 
the fact that Ss .are not pushing at their processing limits, but there is 
no doubt that in the range of values studies the linear correlation sec, 
the one most commonly used in studying redundancy, is poorer than the 
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'^sawtooth/' An explanation of this is difficult to come by from the present 
data (and- from previous studies) , because there is no clear way to generate 
2-D sets which do not confound a number of parameters. One possibility, 
suggested by Lockhead (1966), who found a clear superiority fo: the saw- 
tooth over the diagonal set, is that the average distance of stimuli in a 
2-dixnensional psychological space is maximized in the sawtooth redundant 
and minimized in the linear redundant set. Another possibility is that 
the sawtooth set like the orthogonal set divides the stimuli into 3 levels 
of judgment for each dimension. Further clarification must come from 
additional research. 
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SECTION III 

CODING IN 
SHORT TERM MEMORY 
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Experiment 6 

Coding effects in short-term memory 

George Miller (1956) pointed out that the capacity of short terra 
memory was limited and that this limitation was of the nature of about 

. seven units. We use the vague term "units" because some doubt about the 
precise nature of the limitation still exists. Miller felt that the units 
in question were what he termed "chunks", organized clusters of material 
which could vary in information content. Later, others (Hyman & Kaufman, 
1966) suggested that the short term memory limitation is in terms of 
information rather than chunks and that very short term memory may not 
involve explicit chunking at all, because chunking takes time (Lamb 6c 
Kaufman, 1956). In a more recent attempt to resolve the problem Kleinberg 

. and Kaufman (1971) have suggested^ that while chunking takes time, given 
that necessary critical amount of time, memory ^constant for chunks. 

^If, however s luera is not time enough for chunking then memory is constant 
for information o To support their contention Kleinberg and Kaufman 
demonstrated that at very short tachistiscopic exposure times subjects 
who had learned to code or chunk stimulus information did no better in 
recall than did subjects who had not learned to code. However, at longer 
exposure times the difference between coding and the non-coding groups 
was large.; 

. yhile the hypothesis that coding takes time and is not very effective 
at short exposure times has received support from sources other than the 
Kleinberg^nd Kaufman study ' (see Ganzer 6c Fleischman, 1967) a problem 
exists./ It is clear that some kinds of coding must occur at very short 
exposure times if we are to differentially perceive certain organized 
stimuli as. opposed to less organized stixnuli. For example, it has been 
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demonstrated that whole words are as accurately recognized as isolated 
letters (Reicher, 1969; Wheeler , 1970) , at short exposure times. Some 
kind ..of "word organization" must be responsible for this recognition .ability, 
Tho question of whether this organization into words or chunking also works 
to increase the limits of short term memory is not answered by ti recog- 
nition studies which characteristically use only one item. The three studies 
of this section all speak to the question of coding in short term memory 
and how it influences capacity at short and longer exposure times. The 
first experiment deals with stimulus materials which do not include words 
and for which a code must be learned in the experimental situation. The 
next two experiments do deal with "naturally" coded word-like items as 
well as non-words. 

The questions asked in this experiment are the following: 

(1) Does the relation of performance under explicit coding or 
.chunking conditions to performance under non-code conditions remain the 

same at varying levels of short exposure time 

(2) Can explicit chunking be effectively turned on and off by 
practiced subjects. 

METHOD 

Subjects ' , 

Four adult subjects, including the co-principal investigators, one 
graduate student and one undergraduate, serves as experimental subjects. 

Apparatus and Stimulus Materials 

•Stimuli were presented on a two field Harvard tachistiscopej with 
a mechanical timer with a range from one second to 1/100 of a second. 

The stimuli, consisted of all possible combinations of the letter "S*' 



and '*2" in nine unit horizontal arrays of three groups of three letters 
each. The letters were typed in large black block print on rectangular 
slips of white paper which was then centered on while 8-1/2" x 11" card. 
All possible combinations of S and Z in three trigram groups: were constructed 
niaking for a total of 512 cards. 

Procedure and Experimental Design 

Each subject served in all experimental conditions. A sequence of 
three coding conditions, no code, code, and code oft' were run and. within 
each condition, eight presentation times (800, 500, 300, 200, 100, 50, 25 and 
10 milliseconds) were used. Ten daily sessions of approximately 30 minutes 
per session were required per subject, with the first four sessions being 
non code, the second four code and the last two code off sessions. 

In the non code session S was seated in front of the tachistiscope, 
told how to use the machine to initiate each trial, given a few practice 
.trials and told to start each trial at his convenience and immediately 
record what he had seen on a lined pad appropriately numbered for the trials 
within that daily session^ Sixteen trials at each of the eight exposure 
times made up a daily session. Four such sessions were run and the 512 
stimulus cards employed in a random fashion with the restriction that the 
number of trigrams consisting of only one letter was equal at each 
presentation time. This precautionary measure was taken to prevent any 
advantage due to implicit or perceptual grouping accruing to particular 
exposure times. 

Following the non-code session, each S was given an octal code for 
the eight combinations of S and Z in trlgram forms^ He was permitted to 
practice this code in any way he saw fit until he had thoroughly learned 
it. After « few days he was then returned to the tach^lstiscope and once 
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again run through four, self-paced, daily sessions identical to the non- 
code sessions except that his response was the code designation for each 
trigram rather than the letters themselves. 

After the code conditions, two more daily sessions were run. Again 
these were identical to those run in the other two conditions, but S was 
instructed to ignore the code he ^had learned and record the trigram in 
letter as he had done in the earlier non code condition. Only two sessions 
were run and hence only half of the 512 cards were utilized, but as was 
the case in both earlier conditions the cards were completely randomized 
acro'oS sessions and presentation times with the restriction that some 
number of one letter trigrams appeared at each presentation time. 

RESULTS AND DISCUSSION 

Cue of the assumptions of this study was that because of :he nature | 
of the task and the number of sessions and memory trials within a session 
^practice effects would be minimal. It was for this reason that the code 
and non code conditions were confounded with experimental sessions. However 
inspection of figure 16 reveals that this .ai'suniption was unwarranted. It 
is clear that practice t^ffects occurred over all ten sessions. It also 
appears to, be the case chat while coding may have depressed performance 
when it was first initiated, this depression was more than compensated for 
by increased practice. The confounamg of practice effects and coding 
effects make interpretation of our data somewhat difficult. The problems 
are illustrated by Figure 17. 

At the top of the figure we have presented hypothetical performance 
curves for our longest (800 msec) and our briefest (10 msec) presentation 
times. After a brief initial practice or warmup effect the non code 
•performance might be expected i st^bilize^ at both presentation times, with 



Figure 16 



Practice effects in all experimental conditions. 
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Figure 17 

Theoretical and empirical effects of 

coding and non-coding at the 
shortest and longest exposure times. 



a lower performance level at 10 msec. ^ of course. Code performance is what 
might be expected to interact with the two presentation times as the figure 
indicates. At the longer exposure time code performance should, after an 
ini'tial warmup ri^e above the asymptotic level of. non-code performance, 
because as we indicated earlier when there is time available for coding it 
should provide an advantage. At the short exposure time/ however , there 
is no time for explicit coding and hence code performance remains at best 

I / ' ■ ' — ^ " ^ • 

at asymptotic/level of non-^code performance. In the hypothetical level 

,. ' / ' ■ . ' • ■ ^ ■ 

we have even provided the coded performance at 1.0 msec, with a lower level 

' ■ " ' 

than non- code, performance, because Kleinberg and Kaufman (1971) found that 

not only was coding not effective at brief presentation times, but it 

actually depressed performance relative to a noncode group. 

^ - - I • 1 ' . , - ■ • ■ ■ ■ . 

An inspection of our obtained data in the- lower part of the figure 
illustrates the problem of confounded practice effects. \^±th the exception 

.of the 10th session in the 10 msec, group, the performance in the code 

. ■ ■ ' . 1 ■ 
■ I * ■ 

off condition is better than the performance; in the preceding code or non- 
code condition. There is also a general trend of improvement in all 
sessions for all presentation times as illustrated in Figure 16. Because 
of this we can not say that the superior performance .under code condition, 
at 10 msec. Represents unexpected coding effects at short presentation 
times since practice may be as likely an; alternative hypothesis. It is 
quite clear that code performance /is not at all lowered with respect to 
the"'''^preceding non-code condition. The code performance at the 80o msec, 
presentation time does not show a marked improvement over the non code 
performance and is lower than performance under code off conditions ^. 
because of the practice effect. 

While the data of this experiment did not provide unequivocal answers 



-87- / ■ 

to the, question of coding, at brief . presentation times, they did provide 
some valuable information about presentation time effects per se. The 
very regular presentation time data illustrated in Figure 18 enabled us 
to choose a range of exposure times for the two following . experiments 
which make the comparisons under ' ition more meaningful. 

With respect to the two ma .tions originally posed for this 

experiment, is there^ a difference in code and non-code performance at 
different exposure times, and can coding be turned on and off by the sub- 
ject, the answers are unclear. The code-non-code differences found ^nder 
different exposure times were not in the hypothesized direction and were , 
clearly affected by practice. Practice contamination also obscured the 
question of manipulation of coding by instruction^ However, both these 
questions are further investigated in the following two experiments. 



.-I 
I • 
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Figure 18 
Presentation time effects./ 
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Experiment 7 

Short- term memory^ capacity for words and non-words 

Although the outcome of experiment six was somewhat ambiguous, its 
data and those of other studies (Glanzer & Fie* schman, 1967; Hyman 6c Kauf- 
man, 1966; Kleinberg &c Kaufman, 1971) point to the fact that explicit 
coding does not increase memory capacity at short exposure times. However, 
as we have pointed out previously, it is very^ clear tha.t some kirids of 
coding do affect perceptual processes like recognition. The faCi't that 
words are recognized as accurately as isolated letters (Reicher, 1969; 
Wheeler, .1970) attests to this fact. If a word is recognized more easily 
than an equivalent sized series of non-word letters it is because this 

word is coded into a single unit as opposed to the isolated units of the 
* 

non-word. While this coding may be a function of many things, familiarity 
or practice, meaningfulness, pronbunciability , phonemic quality, etc., 
^ the fact that it operates at short exposure times is what interests us. 
It seems to have been assumed that since recognition for words is clearly 
superior to non-word recognition, that memory capacity for words diould 
exceed that for non-words when stimulus material is presented tachisti- 
scopically. There is little empirical evidence to support that apparently 
reasonable conclusion, and if it is the caee that coding takes tixne 
perhaps such short-term memory capacity difference may not exist. For a 
single word there may be enough time in a brief exposure to extract the 
code and fience recognize it, but is there enough time for coding when 
heavier demands are put upon the subject? This experiment explores the 
relation between presentation time and the word like characteristics of 
stimulus material in their effect upon memory capacity rather than recog- 
nition* Four levels of word quality are combined with four presentation 
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txmes chosen as representative on the basis of the results of experiment 
six. 

\ • \ METHOD 
Subjects \ 

Five undergraduate students were paid at the rate of two dollars an 
hour to participate in the e:<p eriment. . \ 

Apparatus 

stimuli were presented on a two channel Scientific Prototype t^chis- 
• tiscope, with a pre and post field mask consisting of a solid black rec- 
tangle covering'the area in which the stimulus letters appeared^ 

Stimuli , " ' 

The stimuli consisted of three trigrams typed in black letters and 
centered on a 3" x 5" white card. Each trigram was constructed from, a 
^pool of letters consisting of the eight consonants N, B, J, T, D, G, P 
and V and the four vowels A, U, I, and 0. All possible combinations of 
three types of trigrams , Consonant Vowel Consonant (CVC) , Vowel Consonant 
Consonant (VCC) and Consonant Consonant Vowel (CCV) were generated by a 
computer program and the required trigrams randomly selected from these. 
Pour types of trigram groupings were use\^; The most word like consisted 
of three CVCs and was labeled the 3-0" conkition. The least word like 
consisted of some combination of CCVs and/or VCCs and was designated the 
0-3 condition. The other conditions were 2-1 (two CVCs and one noh-CVC) 
and 1-2 (one CVC and two no n- CVCs) . Sixty cards of\each type were 
randomly selected with the restriction that an equal number of . VCCs and 
CCVs were included in all non-CVC selections. 



Experimental Design 

Each S was presented all four stimulus conditions at each of five 
presentation times (800, AOO, 100, 50 and 10 msec). Although the 
trigram groups within each of the four wordlike cond^" no _ 
sel cted, c:aref^jl counterbalancing of stimulus cards by presentation time 
and subjects was carried out to avoid problems with particular letter 
combinations. The counterbalancing cc istec of dividing the total numbe 
of stimuli (2A0) into five gD^ups o£ B each, with each group containing 
L2 of each stimulus type (condition). The fiwe groups were then balanced 
in a Latin Square design with the five subjects and five presentation 
times. 

Procedure 

Each S was run for two daily sessL-t^s, each session all presen- 

tations times were given in descending order from 800 to 10 msec, with 

>six cards of each condition at each presentation time. After each daily, 
session all the stimulus cards were shuffled arrmally amd regrouped for 
the next daily session. During this regrouprr.g some imbalance occurred 
in the number of stimuli of each type per each presentation time. The 
imbalance was manor, however, and the regulari:i37 of the data indicated 
that it had little effect an the operation of the independenr variables, 

A trial began with S fixated upon the black rectangular pre-field 
mask. Upon the word -'ready" from E, S could activate the stimulus field 

\ by pressing a i^utton when he felt prepared to dp so. The mask returned 
after the desi^ated exposure time had elapsed and S were instructed to 
write what he has seen on his respor^s^e heet, Iristructions were given 
to write all th e. Ie:-terfi he had seer- in their appropriate orcar. If S 
could remember f:^_eitter in a ttrigram but not the^^e preceding Fr followir 
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it he was instructed to indicate the omitted ones with dashes. At the 
beginning of his\first experimental se.'-sir S was told which consonants 
and vowels made up the pool from which the trigrams were drawn, and was 
alsc5 instructed that a single letter could appear more than once in a 
particular stimulus card , 

Eight warm up trials at 800 msec, were given at each experimental 
session. 

^ RESULTS AND DISCUSSION 

The response measured was number correct letters reported. To be 
designated as correct each letter had to match the stimulus letter in 
position as well as form. Therefore, even if all nine letters of a 
particular stimulus card were repoirted, only those which occupied the 
identical position they had on the stimulus card would be counted as 
correct, | 

Because of the imbalance in type, of stimulus card produced by the 
manual randomization, analysis of the data was run on mean number correct 
letters rather than total number correct. That this measure is a useful 
one is attested to by the very regular, data revealed in Figure 19, 

An inspection of Figure 19, reveals consistant differences among the 
levels of both independent variables. The more word like (and hence codeabl 
the stimuli the better the memory. This effect was regular at all pre- 
sentation times with the 3-0 group providing the highest recall level and 
the 0-3 the worst. The/other two groups (2-1 and 1-2) ordered themselves 
appropriately with respect to number of word like units. An' overall test 
for the word conditions produced a significant F of 11.49 (df 3,76; 
p < .001). The effects of presentation found in experiment six were found .. 
besre as well, with the presentation time F = 26.30; df « 4,76; p < .001). 



Figure 19 

Recall with varying presentation time 
for all trig7.*am conditions^ 
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In experiment five it appeared that explicit coding was not helpful 
over the range of presentation times studied. It is even more clear in 
the present study that the kind of coding which is responsible for word 
perception is very effective over the sar;^o. range of presentation times. • 
If it is true that the time of coding represented by learning the explicit, 
octal code, requires time to operated effectively in short term memory, it 
is equally true that the kind of coding involved in word perception does 
not require that much time to operate effectively. The question of coding 
and memory for words as opposed to non-words is further explored in the 
filial experiment. 




Experiment 8 ' 

The effects of coding and response mode upon short term memory for 
words and non-words 

In experiment ~ six we discussed the possible effects of coding upon 
performance in short term memory tasks. We cited the hypothesis of 
Kleinberg and Kaufman (1971) which stated that since coding was a time 
consuming process it would prove ineffective at very brief presentation 
times but quite effective at longer presentation times. The absence of 
any difference between our code and non-code groups in experiment six 
spoke toward the accuracy of that hypothesis, despite problems of inter- 
pretation produced by a large practice effect. However, experiment seven 
demonstrated quite convincingly that some kind of coding was effective at 
brief presentation times • Consonant vowel consonant trigrams were re- 
membered much better than were CCVs or VCCs e\^^n at the very shortest^ 
.presentation time. Clearly the difference: between the word code and the 

octal code ^ of experiment six must be a crucial one. As we suggested many 

■ I 

dimensions of difference may be considered. The familiarity or amount 
of practice associated with each type of ccJling is one such factor. 
•Although we attempted in experiment six to give extended practice with 
the* octal code, the total amount falls far short of the number of times 
the normal adult has said "cat'* upon seeing "CAT." Another possible 
difference lies in the meaningfulness of the symbols. The number of 
associations to "CAT" is probably far more ; extensive and those associ- 
ations more organized than those we get when we code "SSS" as "zero." 
In addition to these differences, the pronouhcibility of words as opposed 
to non-words is a possible factor affecting coding ef f ectivenessT^^'^^W^^^ 
these factors are in and of - themselves interesting there is another tack 
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which may be taken in an attempt to understand the effects of coding in 
short term memory. If we accept the superiority of the word code to the 
' explicit octal code, we might ask how the word code operates? Does it 
make the input of information into the memory systen) easier? Does it 
facilitate output or retrieval from the memory system? Is it at all 
manipuable via. experimental instruction? It is to these questions that 
the present experiment is addressed. We also have attempted to. replicate 
the superiority of words to non~words found over the presentation times 
of experiment seven and have further extended the presentation time range 
to six seconds. The rationale for this rather long presentation time lay 
in the evidence provided by Kleinberg and Kaufman that explicit coding 
of the sort we used in experiment six is effective at this presentation 
time. We know 'that word coding is effective at short times, if it has 
relatively greater effectiveness at this longer time its similarity to 
.the explicit code' in at least one empirical sense is demonstrated. 

In order to discover whether word coding operates at the input or 
output level we instructed subjects to remember and/or report stimulus 
ipaterial in either syllable or letter form. Stimulus material consisted 
of word like CVCs or non-word like VCVs and CCVs. All reasonable combi- 
nations of syllable or letter ^coding (remembering) and syllable or letter 
reporting were investigated. In addition another aspect of ' response mode 
was investigated, whether or not the report was made orally or in a written 
manner* The possibility that the necessity for producing a letter by 
letter response when writing may attenuate word versus non-word differences, 
led us to incljude this manipulation. 
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/ METHOD 

Subjects ' 

i 

Thirty subjects enrolled in a freshman psychology course participated 
in 'this experiment in partial fulfillment of the course requirement. 

Materials 

The stimuli were generated by a computer program which selected letters 
from a pool of eight consonants; B, D, G, J, N, P, T and V; and four vowels; 
A, E, I, and 0. All trigrams, CVC and non-CVC were generated three to a 
row such that in any given row no two letters were repeated. In generating 
rows of trigrams fqr the noh-CVC condition six types of non-CVCs were 
formulated: (1) CCV, CCV, CCV; (2) VCC, VCC, VCC; (3) CCV, VCC, CCV; 
(4) CCV, CCV,^VCC; (5) VCC, VCC, CCV; (6) VCC, CCV, VCC. Forty cards : 
each composed of ; nine CVCs /nd forty cards composed of .nine non-CVGs were 
then constructed for ■iise as stimuli, ^ 

All stimulus cards 'were constructed such that noUotters were repeated 
in any given row and no given letter was placed adjacent to itself in any 
given column. Of those forty cards constructed for the non-CVC condition, 
20 were selected to have a row of type 1 and 20 a row of type 2, Of the 
20 cards having a row of type 1,^ 10 had a row of type b and 10 a row from 
type 4. The final row was selected randomly without replacement from either 
type 5 or type 6. This selection procedure was .repeated for those 20 stim- 
ulus cards which- contained a row from type 2, That is, lO having a row 
from type 5 and 10 from type 6. The final row for this 'garoup of stimuli 
being selected from either type 3 or 4. Each card was then constructed 
to allow each type to appear in each row position. 
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Procedure 

EacK of the thirty Ss was assigned to one of five experimental con- 
ditions differing with respect to a combination of coding and response 
instructions., The five conditions were: (1) Code Syllable, Oral Syllable 
(CS, OS); (2) Code Letter,. Oral Syllable (CL, OS); (3) Code Letter, 
Oral Letter (CL, OL) ; (4) Code Syllable, :Wrltten Letter (CS, WL) and 
(5) Code Letter, Written Letter (GL, WL) . Each subject assigned to a 
condition received the appropriate instructional set and was run through 
a series of 80 trials. 

Coding instructions requested that each subject "try to remember" 
each trigram as either a syllable (code syllable) or as a group of three 
individual letters (code letter). The reporting instructions simply 
requested that orally report by syllable (oral syllable) or letter by 
letter (oral letter) or write what he had seen, necessarily a letter 
,^(written letter) rather than a syllable condition. 

The presentation of stimuli was arranged such that 10 randomly 
selected CVCs and 10 randomly selected non-CVCs were presented tachis- 
toscopically at 6 sec, 800 msec, 100 msec and 10 msec in that order, 
accounting for all 8*0 stimulus cards. The sets of ten stimulus cards were 
also counterbalanced (e.g., AB, BA, BA, AB) the order being reversed for 
each subject. Following completion of the eighty trials the cards were 
shuffled and reorganized according to 'the scheme described. All oral ■. 
responses were recorded on tape as well as on response sheets from' which 
they were scored* . . 

Experimental Design 

• The design of the experiment was essentially an incomplete factorial 
with two levels of coding and three levels of response mode. The two levels 
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of coding, by syllable or by letter, were combined with the three levels 
of response mode, oral syllable, oral letter and written letter (the 
response mode possibility of written syllables made no sense). One of the 
six' possible combinations of this 2 x 3 design, code letter, oral syllable, 
was omitted. We felt that while it might be reasonab[ - to ask a subject 
to remember a syllable and then essentially spell it c t, it would be 
much less reasonable to ask him to try to remember letters, not syllables, 
and then ask for syllables, 

RESULTS 

The effects of word coding on short term memory are seen in Figure 
20. Here the mean number of letters recalled per stimulus card, of a 
word or non-word type, are shown as a function of presentation time variation 
The data are very similar to those of experiment seven, revealing superiority 
of word like stimuli (CVCs) to non-word like stimuli (non-CVCs) at all 
, (even the very shortest) presentation times. This effect was highly reli- 
able (F = 198.8, df = 1,175; p < .001). The increasing superiority of the 
CVC condition as a function of increasing presentation time which appeared 
in experiment six but did not reach statistical significance, also appears 
in this experiment as shown by the strong interaction of time by word 
condition (F = 73; df = 3,175; p < .001). 

The group effects which represent the effectiveness of instruction to 
code and/or report differently are illustrated in the bar graph of Figure 
21 and are shown as a function. of presentation time in Figure. 22. The 
significance of the differences seen in these figures was tested by means 
of a set of orthogonal vcomparisons; based upon the following logic: 

1. , If the reporting mode (output) was of import then oral conditions 
should differ from written conditions and so one'of the comparisons was 



Figure 20 

Performance under CVC and non-CVC 
conditions at varying presentation times. 
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Figure 21 

Performance under combinations 
of coding and report conditions, 
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Figure 22 

Performance under combinatio^is of 
coding and report conditions at varying 
presentation : times 

A: code syllable, oral letter 

B: code letter, oral letter 

C: code syllable, oral syllable 

D; code syllable, written letter 

E: code letter, written letter 
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between groups CS, OL + CS, OS + CL, OL versus CS, WL + CL, WL. 

2. If reporting letters differed from reporting syllables then 
group CS, OL should differ from group CS, OS and this was the second 
comparison. 

3. The third comparison dealt with the effectiveness of instruction 
on input. If coding was effective then the syllable coding CS, OL + CS, 
OS should be better than CL, OL. This comparison involved coding versus 
non-coding of input within oral report conditions . 

4. The fourth comparison was of coding versus non-coding of input 
under written report conditions and involved the groups CS, WL versus 
CL, WL. / 

Of the obove comparisons only the one . comparing coding of input under 
oral report conditions reached statistical significance (F + 4.53; df = 
1,25; p < .05). The coding instructions under written report conditions 
.comparison fell between the .05 and .10 levels (F =3.46; df = 1,25; 
p < .10). The report conditions overall did not seem to make much difference 
and produced small Fs. However whether one reported orally by syllable or 
orally by letter did seem to make a difference depending upon the type of 
material. The difference was large when dealing with CVCs but minimal" - 
with nbn CVCs. This difference was substantiated by an interaction F 

^•^^ i^i - '^$175; p < .05). Again since the difference between CVCs . 
and non CVCs increased with time this reporting material- interaction also 
increased with time and a significant three way interaction was found 
(F = 8.98; df =? 1,175; p < .001).as well as a two way interaction between 
time and CS, OS versus CS, OL (F = 2,87; df = 3,175; p < .05). 

Although an overall effect of coding instruction was found, this 
effect did interact with type of material. The difference between syllable 



-104- 



coding and letter coding for oral reporting \vas greater for CVCs than 
non-CVCs (F « 4.39; df = 1,125; p < .05). 

' ' DISCUSSION 

The large difference between performance with non-CVC material 
represents a strong reaffirmation of the operation of coding in short 
term memory demonstrated in experiment seven. The fact that the coding 
involved in remembering word like material may have some similarity to 
the type of code used in experiment six and other studies (Kleinberg & 
Kaufman, 1971; Lamb and Kaufman, 1966) is demonstrated by the interaction 
of presentation time end relative .ease of remembering words and non- 
words. The longer the presentation time the greater the superiority with 
CVC material. This, difference makes a great deal of sense when considered 
in light of the hypothesis that coding takes time. However, the fact 
that word coding differs from the type of explicit coding previously 
discussed is evidenced by the fact that word-non word differences are 
found at presentation times as fast as ten milliseconds. The explicit 
octal code used in experiment six was not effective at such brief exposures. 

In addition to pointing to the effectiveness of word coding in short 
term memory, this study has demonstrated what we were unable to determine 
in experiment six, that is that coding in short term memory is to some 
extent under the subject's control and may be manipulated by instruction. 
Instructions to code by syllable provided more effective performance than 
did instructions to code by letter. While this difference was somewhat 
affected by type of material used (word or non-word) it did favor syllable 
coding in both bases. The partial control of this coding process also 
speaks to, the explicit nature of the word code» It is not just a Gestalt 
like perceptual code which is itmnune to control, ""but can in part at least 
be turned on and off by the subject* 
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The response mode effects also shed some light upon the nature of the 
word code. Oral syllable reporting is more effective than is letter 
reporting when word like material is recalled. This finding speaks to a 

4 

pronounciability effect in coding. When material is prounounceabLe in 

unit form, producing the response in that fashion is superior to producing 

it Letter by letter, rhat this is a syllable effect and not an effect 
of coding-response mode compatibility is evidenced by the fact that the 

code Letter-oral letter group is not better than the code syllable-oral 

letter group, but the code syllable-oral syllable is better than the 
code syllable-oral letter. 
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CONCLUSIONS 
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The experiments described in this report have provided information 
about* many facets of the perceptual responding of retarded children, normal 
children and normal adults. Although a reading of the discussion section 
of each individual experiment provides a more comprehensive picture, this 
section sumniarizes our conclusions under four major categories: identi- 
fication capacity, effects of dimensionality, paradigm comparisons, and 
memory effects. 

Identification capacity 

It is clear from our data that retarded children do not identify 
simple stimuli as well as do normals. This deficit is found with stimuli 
which vary unidimensionally and multidimensionally. 

However, the deficit seems to occur at all levels of stimulus infor- 
,mation and does not necessarily reflect channel capacity differences. 
That is, information is not transmitted equally well by retardates and j 
normals at low levels of input with retardates reaching asymptote at 
a lower level than normals. Performance of our retarded children was 
inferior to normal performance at all points. Interestingly, this 
deficit was found to hold for both CA anc MA controls^ The finding 
of both an MA and an IQ correlate of the identification deficit was 
somewhat surprising. In addition a developmental correlate of identifi- 
cation ability was found, with sixth graders outperforming first graders 
and college students providing the highest levels of information trans- 
mission. 

The mechanisms underlying the retardate identification deficit are 
Still unknown to us. Met^^ory differences seem to play a role as the 
delay effects to be presently discussed indicate. In addition, retardates 
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seem to be more susceptible to context effects, that is the effect of 
preceding i als upon the present response* These context effects appear 
more jtrongLy as task demands increase- Whether the context effects 
stem from a generalized strategy of our retarded subjects (the kind of 
"distractability" customarily attributed to retardates) or a specific 
strategy associated with our particular identification procedure is 
as yet undetermined. What e do know is that identification performance 
can be dramatically improved by gradual training techniques. By shifting 
from a less perceptually demanding discrimination task to oiur identifi- 
cation task we were able to get perfect information transmission from " 
our retarded subjects at stimulus information levels much higher than 
those for which we got relatively poor transmission when we used an 
identification procedure al^ne. 

Dimensionality effects. 

The effects of redundancy or additional dimensions of variation 
upon identification were consistent and expected. In general, the 
greater the number of dimensions along which the stimulus to be identi- 
fied varied the"\better the performance by retardates, normal children 
and college students. While there were interactions of dimensionality 
with intellectual and developmental factors, they were not entirely 
consistent. It did seem to be the case that retardates benefited more 
from the addition of redundant information than did normals. Their 
performance with bidimensional stimuli in experiment one was better than 
their performance with unidimensionally varying stimuli, a relative 
difference which exceeded the -comparable normal control difference. Again 
in experiment two the retardates performance on tridimensional stimuli was 
superior to either uni- or bidimensional stimuli, although the normal 
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control bidimensional and tridimensional performance did not signifi- 
cantly differ. The college students in experiment four however, did 

perform better on the tridimensional as opposed to the bidimensional 
* ■ 

condition. • ' . " , 

The information transmitted for unidimensional stimuli was fairly 
consistant across a wide variety of stimulus dimensions if we assume 
that our upper levels of stimulus information were clos-j to channel ' 
capacity, and in light of previous findings and our own data this a3j=ump- 
tion seems reasonable. While this regularity across type of dimensions 
■was found, the developmental and intellectual differences mentioned earlier 
were also to be found. That Is, identification capacity did not vary 
too much as a function of the particular type of is ingle stimulus 
dimension, but 'did vary with respect to CA, MA and IQ, ■ 

Interesting effects of type of dimensional combination were dis- 
.covered. In a situation involving three, dimensions , two of which were 
part of the figure and one the ground, bidimensional combinations of 
the ^gure dimensions proved . .easier^ than did bidimensional 

figure=-gr-oirnr^''^ombinations. This effect is somewhat intuitive and, fits 
nicely with ideas about the integrality of certain stimulus combinations 
(I!.ockhead, 1966), What we found surprising were the effects of the 
different bidimensional combinations looked at in experiment five. In 
our bidimensional comliination., condition in other experiments (experiment 

7~2, 3 and 4) we had used the perfectly correlated redundant combination 
in which. the first value on one dimension was paired with the first 
-value on the second dimensioiiy the second with the second, the third 
with the third and so on. We fiilt that this type of combination (the 
diagonal ) provided pne of the best conditions for- distinctiveness. We 



\ 



our b 



ERIC 



■109- 



were greatly surprised to find that the totally orthogonal combination 
of experiment five proved to be even more distinctive. The saw-tooth 
combination which had been investigated in other experiments and had 
been found to be equal to or better than the diagonal, wa^ found to be 
so in our study but it too failed to equal, the independent \uncorrelated 
condition. ■■ ' • . \ 



Paradigm comparisons. 

The conventional identification paradigm- is often called the absolute 
judgment task, one in which the subject is asked to supply a particular 
label for . a particular stimulus. In order to circumvent the problems ^ 
of verbal deficiencies in our retarded- children we lised a recognition 
or delayed match- to- sample paradigm for our identification studies. We 
found tUt not , only did this .cechnique overcome 'verbal communication 
problems, but it probably acted as an aid to memory for the pool of 
, stimuli which must be considered/ Of the types of identification paradigms 
investigated with college student subjects, the absolute judgment ' task 
which provided no memory aid and put great demands upon memory was the 
most difficult while the discrimination task, a situation which put no 
demands upon memory, was by far the easiest. The other paradigms (matrix 
after and matrix before) fell between, these two, depending again upon 
the demands placed upon the subjects' memory. The importance of the 
particular paradigm employed was emphasized by the outcome of experiment 
five, in which retarded children were grad.ually shifted from the, easier 
discrimina^on task to the more difficult match- to- sample. In our first 
experiment retardate information transmission was so poor, even at levels 
of stimulus information as low as one bit that no statement about 
channel capacity or asymptotic level could clearly, be made. However, 
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by first providing discrimination training and then shifting to the 
match- to- sample technique, performance waslperfect at better than two 
bits of stimulus information and problems with estimating channel 
capa'city arose from the very high rather than the very low performance 
levelsl 

Memory Effects 

The importance of memory in identification illustrated by our 
paradigm comparisons is further emphasized by the effects of delay upon 
match- to-sample performance. Both retarded and^normal children suffer , 
degraded performance as delay between the stimulus and the response'matrix 
is increased. This detremental effect' of increased memory demand seemed 
to occur more seriously with retardates in our first experiment, but 
affected retardates and normals equally in experiment two, 

A slightly different approach to memory was taken in experiments 
^six, seven and eight. The effects of coding upon short term memory 
were investigated and the following general conclusions may. be drawn: 

1« Explicit coding in the form of an octal code was not demon- 
strated to be effective at very short stimulus presentation times, a 
finding consistant with the hypothesis that coding takes time. 

2, The coding involved in distinguishing a word from a non-word . 
of equal number of characters is effective at very short presentation/ 
times, a. finding inconsistant with the hypothesis that coding takes/time, 

3. . Word coding is to some extent under the control of the subject 
sinc^ its effectiveness Is manipulable by instruction, but it is clearly 
different in other respects from explicit codes like th^e octal code since 
it does dramatically improve short term memory at ^en the smallest 
expo^sure time* ',, s 
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4. The mode of response '(written choral) makfes little difference 
in performance of a short term memory ta4 for trXgrams but whether 
the trigifams must be, reported by lett/r or syllable is important for 
wore word- like trigrams. / 



/ 

/ 



/ 




REFERENCES 

Belrnortt, J. M. Long tt^^rm rramory in mental tetardation. In Ellis, N.R. 

(Ed.) Internat ional review of research in mental retardation . 

Volume 1, New York: Academic Press, 1966. 
Belmont, J. M. & Butterfield, E. C. The relations of short-term memory 

to development and intelligence. In Lipsitt,'L. P. and" Reese, H, W, 

(Eds.) Advances in child development and behavior . Volume 4. 

New York: Academic .Press, 1969. 
Erikson, L, W. &: Hake, H, W. Multi-dimensional stimulus differences 

, and accuracy of discrimination. Journal of Experimental Psycholog y. 

1955, 50, 153-160.. 
Fitts, P. M. & Posner, M. I. Human performance . Belmont, California: 

Brooks/Cole, 1967 J \ 
,Glanzer, M. & Fleishman, J. The effect of encoding training on perceptual 

recall. Perception & Psvchophysics , 1967, 2, 261-264. 
Hyman, L. M. & Kaufman, H. Iiiformation and the memory span. Perception 

& Psychophysics . 1966 , 1.. 35-237. 
Kaufman, H. & Wilson, M. In:Sxn3ation processing in the monkey. Psycho- 

nomic Society, San Anra: , October, 1970. 
Kaufman, H. & levy, R. M. ATOiIy^is of thet combination of perceptual 

dimensions. Psycholoeicaj Bulletin . 19ZL, Vol. 75, No. 6, 369-378. 
Kodman, F., Jr. Sensory pxEcaases and mental deficiency. In Ellis, N. R. 

(Ed.) Handbook of ment al deficiency . New York: McGraw-Hill, 1963. 
Lamb, J. C. & Kaufman, H. The effects of coding procedure on human 
~ information transmisBion. Perception 6e Psvchophysics . 1967, 2, 

256 - 262. N 

-112- , ' 



-113- 



Lockhead, G. R. Effects of dimensional redundancy on visual discrimination, 
Journal of Experimental Psychology . 1966, 72, 95-104, 

Miller, G. The magical number seven, plus-o-r minus two. Psychology . 

* ■ / \ ■ 

• Review . 1956, 63, 81-97. ^ 

Olson, D. R. Information-processing llraitat^i'^ns of mentally retarded 
~"\- children. American Journal Meirital Deficiency . 1971, 75, 478-486. 
Reicher, G. M. , Perceptual recognition as a function of meaningfulness 

of stimulus material. Journal of Experimental Psycholo g y : 1969, 

81, 275-280. 

Scott, K. G. & Scott, M. S. Research and theory in short-term memory. 
; In Ellis, N. R. (Ed.) International review of research in mental 

retardation . Volume 3„ New York: Academic Press, 1968. 
Spitz, H. H. The role of input organization in the learning and memory 

•of mental retardates. In N. R. Ellis (Ed.^i International Review of 
M Research in Mental Retardation. Vol. 2, Academic Press: New York, 
. .1-966.'- 

Spitz, H. H. & Borland, M. V. Effects of stijnuLus complexity on visual 

search performance of normals and educable retardates. American 
Journal of Mental Deficiency . 1971. 75. 724-728. 

Wheeler, D. D. Processes in word recognition. Cognitive Psychology . 
~ 1970,. 1, 59-85. 

Zeaman, D. & House, B. J. The role of attention in retariate discrim- 
ination learning. In Ellis, N. R, (Ed.) Handbook of mental ' - 

, deficiency . New York: McGraw Hill, 1953 . \ 



ERIC 



